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nology  Activity  (AVSCOM) ,  Ft.  Eustia,  Virginia. 

Mr.  T.H.  Lawrence  was  Sikoraky  Project  Manager.  Mr.  C.T.  White  of  AATD  vaa 
Prograa  Technical  Monitor. 
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INTRODUCTION 


This  report  documents  a  helicopter  neneuvereblllty  end  ability  (M/A)  study 
conducted  by  Sikorsky  Aircraft  for  the  U.S.  Army  Aviation  Applied  Technology 
Directorate  (AATD) .  Four  major  activities  were  undertaken  In  this  effort. 

First,  detailed,  free-flying  GenHel  computer  simulation  models  of  eight 
helicopters  were  created  and  flown  through  nine  different  maneuvers  to  assess 
their  capabilities.  Six  of  these  aircraft  (UH-60A,  AH-64A,  AH-1S,  OH-58A, 
S-76A,  SA-365N)  had  participated  In  U.S.  Army  Alr-to-Alr  Combat  Tests  while 
two  (Ml-28,  CH-53E)  were  Included  because  of  relevance  to  this  study.  The 
nine  maneuvers  Investigated  were  a  hovsr  bob -up,  acceleration  from  hover  to  80 
knots,  deceleration  from  80  knots  to  hover,  80  knot  steady  turn,  80  knot 
steady  climb,  decelerating  turns  at  80  and  130  knots,  140  knot  symmetrical 
pull-up  and  a  180  degree  hover  turn.  Thsss  data  vers  analyzed  to  show  ths 
sensitivities  cf  various  design  attributes  on  maneuverability  and  agility  and 
to  see  if  previously  defined  guidelines  were  appropriate. 

Second,  selected  encounters  from  the  AACT  terts  were  analyzed  to  determine  how 
the  pilots  maneuvered  to  gain  advantage  during  the  engagements  and  when  firing 
opportunities  were  achieved. 

The  third  task  was  the  development  of  a  scoring  and  K/A  rating  scheme  for  the 
simulation  maneuvers  and  a  scoring  scheme  for  the  AACT  engagements. 

The  final  activity  was  a  correlation  of  the  CenHsl  simulation  rssults  and  AACT 
data  to  determlna  If  the  simulation  predictions  of  H/A  capability  were  veri¬ 
fied  by  ths  AACT  flight  test  data. 

An  overview  of  this  correlation  study  Is  presented  schematically  In  Flgurs  1. 

BACKGROUND 

Historically,  helicopters  have  been  used  for  transport  and  general  utility  by 
Che  armed  services.  In  the  Vietnam  sra.  helicopter  usage  expanded  greatly  to 
Include  arsed  reconnaissance  and  ground  atesek  missions.  Current  rotorciaft 
operations  Involve  flight  in  Hap-of-the-Earth  (NOE)  conditions  and  Involvement 
In  both  air-to-ground  and  air-to-air  combat.  As  a  rssult,  ths  requirements 
for  hsllcoptsr  maneuverability  and  agility  (M/A)  have  slgnif Icantly  Increased. 
Thsrs  Is  a  need  thsrefore.  to  havs  a  methodology  which  both  defines  the  H/A 
characteristics  of  sxlstlng  helicopters  and  predicts  those  of  new  designs. 

BsIiaUlgn  j;fJlincuYcr*bUUy  ind.AUllvt  LlkAl 

Before  proceeding  any  further  It  le  approprlats  to  define  the  terms  maneuver¬ 
ability  and  agility  ae  used  in  this  report.  Kansuvsrabil<  ty  is  defined  ae  the 
ability  to  change  the  aircraft  flight  path  by  application  of  forces  from  the 
main  rotor,  tall  rotor  or  other  control  devices.  Agility  Is  defined  as  how 
quickly  ths  aircraft  flight  path  can  be  changed. 
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For  our  purposes,  such  broad  definitions  need  to  bo  quantified  in  an  easily 
measurable  way.  This  is  done  by  flying  computer  simulation  models  cf  various 
aircraft  through  a  set  of  predefined  maneuvers.  This  then  relates  M/A  to 
parameters  such  as  load  factor  or  turn  rate  that  are  easily  measured.  It 
should  be  noted  that  maneuverability  and  agility  are  to  some  extent  comple- 

.  mentary.  That  is,  those  things  which  improve  maneuverability  such  as  more 

blade  area  or  increased  disk  area  tend  to  increase  the  size  and  waight  of  tha 
helicopter  and  degrade  agility.  This  is  not  to  say,  however,  that  changes 
which  improve  maneuverability  always  degrade  agility.  For  example,  engine 
power  can  frequently  ba  increased  without  any  change  to  the  size  or  weight  of 

*  the  engine.  In  this  case,  both  agility  and  maneuverability  have  been 

improved. 

Impart ar.ee  of  M/A  in  Modem  Rotorcraft 

In  tha  past,  helicopter  design  has  focused  on  such  attributes  as  hover  climb 
performance  and  gross  weight  capability,  maximum  level  flight  speed,  payload/ 
range  and  other  such  performance  measures.  Maneuverability  and  agility  was  a 
fallout  of  the  design  process.  This  was  due  to  two  factors.  The  first  was  a 
lack  of  requirements  or  specifications  for  M/A  and  the  second  was  lack  of  any 
industry  standard  metrics  for  defining  these  characteristics 

However,  there  are  many  activities  in  which  the  helicopter  is  engaged  which 
depend  critically  on  M/A  for  success.  After  Vietnam,  the  value  of  the  hell* 
copter  as  a  gun  platform  and  its  use  in  ground  attack  were  well  established. 
In  addition,  the  requirement  to  repulse  large  armor  attacks  in  the  European 
cheater  led  to  the  development  of  specialized  anti-tank  missions.  And  since 
no  tactical  commander  would  allow  his  armor  to  be  attacked  with  impunity, 
air-to-air  missions  were  developed.  The  widespread  use  of  helicopters  in  the 
battlefield  and  their  importance  to  the  overall  effort  insure  that  air-to-air 
combat  will  be  a  significant  part  of  f  .ture  helicopter  operations. 

Intelligence  gathering  continues  to  be  a  major  activity,  and  the  armed  scout 
helicopter  is  an  important  asset.  The  advent  of  sophisticated  airborne 
sensors  and  availability  of  satellite  communication  and  navigation  have 
expanded  the  capabilities  of  the  scout  helicopter  enormously.  Even  the 
mundane  but  important  process  of  providing  helicopter  transport  for  supplies 

•  and  troops  has  become  mora  difficult  due  to  the  availability  of  lightweight, 
shoulder- fired  anti-aircraft  missiles.  All  of  these  activities  point  out  tha 
need  for  increased  levels  of  M/A  in  modem  rotorcraft.  The  questions  this 
report  will  address  are  how  maneuverability  and  agility  can  be  measured  and 

t  what  are  the  values  for  current  U.S.  Army  helicopters. 

Rtvitw. of  M/4  Design  Sensltlvlty^nalvsls 

In  1988,  Sikorsky  conducted,  under  contract  to  AATD,  a  Helicopter  Maneuver¬ 
ability  and  Agility  Design  Sensitivity  Analysis  covering  Design  Guidelines, 
Air-to-Air  Simulation  Methodology,  and  Weight  Methodology.  These  were  subse¬ 
quently  documented  in  References  1,  2  and  3,  respectively.  Hereafter,  that 
effort  will  be  designated  as  the  M/A  Phase  I  Study. 
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The  M/A  Phase  I  Study  quantified  the  measurement  of  maneuverability  and 
agility  for  helicopters.  The  approach  taken  In  that  study  was  as  follows: 

A  baseline  aircraft  of  10,000  pounds  gross  weight  was  selected.  Sikorsky's 
CenHel  computer  simulation  model  of  the  aircraft  was  then  flown  through  a 
series  of  maneuvers.  Parameters  such  as  tip  speed,  disk  loading,  blade 
loading,  power  available,  hlnge-offsct  and  gross  weight  were  varied  indi¬ 
vidually  and  the  maneuvers  reflown.  These  data  were  then  analyzed  to  deter¬ 
mine  two  metrics.  The  first  was  a  reasonable  measure-of-effectiveness  (MOE) 
for  each  maneuver.  The  second  was  a  normalizing  or  "fundamental*  parameter 
that  would  collapse  the  parametric  results  onto  a  single  line.  This  activity 
led  to  the  creation  of  the  fundamental  parameter  charts,  an  axampla  of  which 
is  shown  in  Figure  2.  This  chart  is  for  a  130-knot  decelerating  turn.  The 
MOE  1$  turn  rate,  in  degrtes -per- second.  The  fundamental  parameter  is  the 
normalized  bl*de  loading  margin.  This  is  defined  as  the  maximum  CT/slgma 
available  at  130  knots  minus  the  trio  value,  the  resultant  normalized  by  the 
trim  value.  As  can  be  seen,  variations  in  blade  loading  (BL) ,  disk  loading 
(DL) ,  tip  speed  (TS),  Lock  number  (LN)  and  twist  (TV)  all  have  the  same  effect 
on  trim  or  maximum  CT /a  and  therefore  all  can  normalized  by  this  fundamen¬ 
tal  parameter. 

The  second  part  of  that  study  addressed  the  weight  sensitivity  associated  with 
the  parametric  variations  discussed  above.  The  purpose  was  to  determine’  the 
impact  of  improved  M/A  on  aircraft  empty  weight.  These  variations  in  walght 
were  then  plotted  against  the  changes  in  the  MOE  as  shown  in  Figure  3.  Of 
importance  is  the  slopes  of  these  lines;  i.e.,  which  parameter  change  would 
produce  the  greatest  improvement  in  the  MOE  for  the  least  weight.  In  the 
example  shown,  it  can  be  seen  that  increased  disk  Inadlng  both  reduces  weight 
and  increases  the  turn  rate.  However,  disk  loading  is  bounded  by  other  con¬ 
straints,  so  decreased  blade  loading  is  another  way  to  improve  turn  rate. 

The  third  part  of  the  M/A  Phase  1  study  involved  analyzing  Air-to-Alr  Combat 
Test  (AACT)  data  to  determine  when  firing  windows  occurred.  Thla  task  was 
done  using  a  computer  program  to  define  when  firing  windows  were  achieved. 
The  AACT  data  were  analyzed  to  determine  the  range  between  the  two  aircraft 
and  the  angle  between  the  attack  aircraft  boreslght  and  the  center  of  the 
victim  aircraft.  If  the  range  was  less  than  1500  meters  and  the  angle  less 
than  three  degrees,  the  attack  aircraft  was  considered  to  have  a  firing 
"window*.  The  time  that  these  conditions  were  maintained  was  also  recorded. 
It  was  clear  after  the  study  was  completed  that  some  method  of  visualizing  the 
encounters  was  required.  This  was  subsequently  addressed  during  the  Phase 
II  Study.  The  central  lasue  was  what  maneuvering  capability  was  responsible 
for  achievement  of  a  firing  opportunity. 

The  conclusion  of  the  Phase  I  study  was  that  the  design  approach  for  improving 
maneuverability  and  agility  depends  on  the  relative  importance  of  the  individ¬ 
ual  maneuvers  investigated.  There  is  no  generalized  design  method  that  will 
maximize  all  maneuvers.  Specific  design  guidelines  can  be  formulated  for  each 
maneuver  independently,  but  these  will  not  be  the  same  for  all  maneuvers  and 
will  frequently  conflict.  Increased  power,  lower  blade  loading  and  reduced 
Lock  number  are  the  most  weight  effective  options  for  improving  overall 
maneuverability  and  agility  characteristics. 
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Figure  A  shows  a  summery  chart  extracted  from  Reference  1.  It  shows  that 
improving  maneuverability  in  the  low. speed  range  emphasizes  different  design 
parametere  than  those  required  for  high-apeed  improvement.  Low-apeed  maneu¬ 
verability  is  primerily  dependent  on  those  parameters  that  affect  power  while 
high  speed  ia  dominated  by  rotor  thrust  capability.  In  the  mid-apeed  (power 
bucket)  regime,  both  power- limited  and  thrust- limited  cepabilities  need  to  be 
matched. 

At  the  end  of  the  M/A  Phase  1  study  it  wes  concluded  that  a  number  of  other 
issues  needed  to  be  addressed.  One  was  whether  or  not  this  methodology  was 
*  applicable  to  a  wide  variety  of  rotorcraft,  rather  than  parametric  variations 

of  a  aingle  design.  Another  issue  was  the  correlation  between  theae  analyti¬ 
cal  results  and  flight  test  data.  Finding  anawers  to  theae  questions  formu¬ 
lated  the  basis  for  the  H/A  correlation  study  documented  in  this  report. 

OVERVIEW  OF  THIS  CORRELATION  STUDY 

The  Helicopter  Maneuverability  and  Agility  Design  Sensitivity  and  AACT  Deta 
Correlation  Analysis  documented  in  this  report  is  a  follow-on  to  the  M/A  Phase 
1  Study  and  will  be  denoted  herein  as  the  M/A  Phase  II  Study.  This  effort  was 
aimed  at  expanding  the  Phase  I  activities.  The  overall  goal  was  to  devisa  a 
quantitative  M/A  rating  scheme  and  Chen  verify  its  correctness  by  using  tha 
AACT  data. 

The  first  part  involved  creating  CenHel  Simulation  models  of  the  various 
aircraft  that  participated  in  the  AACT  testa  and  flying  them  through  the  Phase 
I  maneuvers.  These  included  the  UH-60A,  AH-6AA,  AH-1S,  OH-58A,  S-76A  and 
SA-365N.  Since  the  CartHel  simulation  of  tha  CH-33E  already  existed,  it  was 
added  to  the  study  to  evaluate  haavy  lift  helicopter  M/A.  A  contract  modifi¬ 
cation  was  exercised  to  add  the  Soviet  Hl-28  HAVOC  to  tha  study,  drawing  on 
unclassified  data  from  various  sources,  to  create  a  CenHel  simulation.  The 
results  were  plotted  on  the  fundamental  parameter  charts  to  sea  if  the  funda¬ 
mental  (or  normalizing)  parameter  would  "collapse*  tha  data  for  a  wide  variety 
of  aircraft  types  along  the  already  established  Phase  I  trend  curves. 

The  second  part  involved  automation  of  the  firing  window  analysis  so  that  data 
frea  the  AACT  activities  could  be  presented  graphically.  The  third  major  part 
.  was  the  development  of  a  scoring  scheme  for  tha  simulation  results  and  a 

scoring  schema  for  the  AACT  encounters. 

The  last  part  was  a  correlation  of  the  first  two  using  the  scoring  methodol- 

>  °gy- 

Each  part  of  this  study  represented  a  significant  effort.  Detailed  and 
comprehensive  fraa-flight  computer  simulation  models  of  all  the  non-Sikorsky 
aircraft  were  created  and  validated  against  available  flight  test  data.  For 
most  aircraft,  the  modeling  data  were  taken  from  C-81  input  listings  provided 
as  government  furnished  Information  (CFI).  These  data  had  to  be  reorganized 
to  fit  the  CenHel  input  format.  After  validation,  the  simulations  were  flown 
through  the  previously  defined  nine  M/A  maneuvers  using  a  software  maneuver 
controller.  This  assured  consistency  In  the  way  maneuvers  were  performed 
amongst  tha  various  helicopters.  In  addition,  the  maneuvers  were  constrained 
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Figure  4.  Sumtry  of  M/A  Riase  I  Results 
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by  variety  of  realistic  operational  limitations  to  add  fidelity  to  the  re¬ 
sults.  Next,  the  fundamental  parameters  had  to  be  calculated  and  the 
fundamental  parameter  charts  created.  These  fundamental  parameter  charts  are 
then  really  quite  profound.  Each  point,  representing  one  helicopter,  Is  the 
culmination  of  an  extensive  modeling,  validation  and  evaluation  process. 

In  the  second  major  part  of  this  study,  the  AACT  data  were  processed  through  a 
variety  of  axis  transformations  and  then  through  a  firing  window  analysis 
code.  In  addition  to  predicting  when  one  aircraft  was  within  the  firing 
window  of  the  ocher,  the  specific  parameters  (range,  angular  error,  time  In 
window)  were  also  available.  Finally,  a  display  driver  was  set  up  to  operate 
In  the  work  station  environment.  Thia  allowed  graphical  display  playback  of 
any  of  the  AACT  data.  The  data  could  be  viewed  In  real  time,  slowed  down, 
speeded  up,  or  stopped.  Views  out  of  either  cockpit,  from  above,  or  from  an 
arbitrary  point  In  combat  space  could  be  displayed.  This  allowed  analysis  of 
the  maneuvering  sequence  prior  to  gaining  a  firing  window. 

The  third  part  of  this  study  was  the  development  of  scoring  schemes  for  the 
simulated  maneuvers  and  the  AACT  engagements.  For  the  simulated  maneuvers, 
the  result  for  each  maneuver  was  converted  to  a  numerical  score.  The  average 
score  fir  the  nine  maneuvers  was  taken  to  be  the  basic  H/A  rating.  However, 
different  mission  elements  emphasize  different  maneuvers.  For  example,  NOE 
flight  would  be  dominated  by  the  characteristics  found  In  the  hover  bob-up, 
hover  turn,  and  accelerations  to  and  decelerations  from  80  knots.  On  the 
otner  hand,  air-to-air  combat  would  be  affected  most  by  the  characteristics 
shown  In  the  140  knot  pull-up  or  the  130  and  80  knot  decelerating  turn. 
Therefore,  to  account  for  this,  scores  for  each  maneuver  were  multiplied  by 
weighing  factors  for  alr-to-al.  (ATA) ,  air-to-ground  (ATC),  nap-of-the-esrth 
(NOE),  and  contour  (CON)  mission  types.  The  average  of  the  scores  In  each 
category  was  taken  as  the  H/A  rating  for  that  mission  type. 

Scoring  of  the  AACT  tests  was  based  on  using  the  available  data  from  the 
firing  window  analysis  program  -  time  In  window,  angular  error  and  rsnge.  A 
scheme  *as  devised  to  award  points  to  the  attack  aircraft  based  on  these 
parameters  and  calculate  an  overall  score  as  the  sum  of  each  aircraft’s 
points . 

The  fourth  part  of  this  study  was  a  correlation  of  the  simulated  maneuver 
resulta  and  the  AACT  flight  tests  using  the  scores  generated  In  the  manner 
disclosed  above.  The  estimcted  ATA  capability  was  calculated  by  taking  the 
percentage  ratio  of  each  helicopter' a  H/A  ATA  rating  to  the  total  for  the  two 
aircraft.  For  example,  the  UH-60A  hss  an  ATA  H/A  rating  of  79.0  while  tha 
S - 7 6  has  a  rating  of  34.8.  The  estimated  results  of  air-to-air  combat  would 
be  69.4  percent  (79.0/(79.0  ♦  34.8))  for  the  UH-60A  and  30.6  percent 
(34.8/(79  0  ♦  34,8))  for  the  S-76A.  In  a  like  manner,  the  actual  ATA 
capability  was  calculated  by  taking  the  percentage  ratio  of  each  helicopter’s 
AACT  scores  to  the  total  for  the  two  aircraft.  In  this  case  the  UH-60A  had 
scored  121  points  and  the  S-76  6.3  points  for  percentage  ratios  of  95.1  and 
4.9,  respectively.  Correlation  was  Judged  by  comparing  the  two  sets  of 
percentages . 

Detailed,  substantiating  data  for  these  activities  Is  provided  In  Appendixes  A 
through  N. 
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SIMULATION  MODELS 


Ovcrvlc-  of , GenHei 

Sikorsky's  General  Helicopter  Flight  Dynamics  Simulation  (GenHei)  is  a  Simula* 
tion  environment  that  allows  the  user  to  easily  create  models  of  any 
rotorcraft  for  which  sufficient  data  are  available.  It  is  Important  to  note 
that  GenHei  is  not  merely  a  computer  code  but  a  simulation  environment.  The 
major  features  of  GenHei  are: 

1)  Frea-fllght,  total  force,  large  angle  mathematical  model.  GanHal  is  not  a 
perturbatlonal  model,  but  a  complete  free-flying  analysis.  Wind  tunnel 
and  trim  modes  are  also  available. 

2)  Generic,  reusable  software  coded  in  modules  and  maintained  in  a  library. 
GenHei  code  is  available  to  the  user  through  selection  of  a  series  of 
modules.  These  modules  are  coded  symbolically  and  contain  no  numbers. 
They  can  be  used  to  model  any  rotorcraft.  These  modules  ara  maintained 
in  libraries  so  that  the  users  can  not  modify  them  and  so  that  all  users 
get  the  same  model.  Data  for  each  specific  aircraft/configuration  are 
maintained  in  separate  data  (or  “specific*)  files  created  by  the  user. 
The  library  has  provisions  for  prototype  modules  accessible  to  the  user. 
These  are  maintained  in  a  separate  prototype  area.  The  library  system  is 
shown  schematically  in  Figure  5.  A  typical  module  breakdown  is  shown  in 
Figure  6,  while  an  overview  is  presented  graphically  in  Figure  7. 

3)  A  large  array  of  auxiliary  and  utility  modules  are  available.  In  addi¬ 

tion  to  the  basic  aircraft  model,  modules  are  available  for  external 
loads,  flexible  airframe,  deck/slope  landing  and  maneuver  loads.  Inter¬ 
faces  are  available  for  CRT  terminal,  line  printer  and  strip  chart 

recorder  outputs.  The  resulting  simulations  can  be  inter  reed  with 

Sikorsky's  fixed  base  and  moving  base  simulators  for  pllotad  evaluation. 

4)  Extensive  validation  of  existing  simuletions  (UH-60A,  S-76A,  GH-53E) 

against  a  wide  variety  of  flight  test  data. 

An  example  of  the  mathematical  model,  ng  used  in  GenHei  is  documented  in 

Reference  4. 
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Tlgurc  7.  CENHEL  Ovt  r*ie» 


Discussion  of  Aircraft  Models 
Introduction 

The  aircraft  selected  for  this  M/A  correlation  study  were: 


1)  Sikorsky  UH-60A  BLACK  HAWK 

2)  Sikorsky  S-76A 

3)  Sikorsky  CH-53E  Super  Stallion 

4)  McDonnell -Douglas  AH-64A  Apache 

5)  Bell  AH- IS  Cobra 

6)  Ball  OH-58A  Kiowa 

7)  Aerospatiale  'A-365N1  Dauphin 

8)  Mil  Ml-2o  lAVOC 

All  of  these  aircraft  except  the  r  par  Stallion  and  HAVOC  were  Involved  In  the 
AACT  flight  evaluations.  The  CH-j3E  was  added  to  represent  the  heavy  weight 
category  and  since  a  CanHel  simulation  model  of  It  already  existed,  this  was 
easy  to  Implement.  The  Ml-28  simulation  was  created  after  that  helicopter  was 
shown  at  the  1989  Paris  Air  show.  Photographs  of  the  aircraft  were  available 
along  with  other  Information  from  the  Soviet  delegates.  A  contract  modifica¬ 
tion  was  Implemented  to  Include  rha  HAVOC  In  this  study. 

Detailed  discussions  of  each  of  the  almulatlon  models  are  provided  In  Appen¬ 
dixes  A  to  H.  These  Include  a  brief  history  and  description  of  sech  aircraft, 
discussion  of  data  sources,  correlation  of  CsnHel  with  flight  test  data  and 
ds tailed  numerical  CenHel  Input  data  used  In  each  helicopter  model  One 
Important  output  of  this  study  Is  a  comprehensive  and  consistent  data  base  for 
all  these  helicopters. 


For  convenience  the  basic  data  for  ths  study  aircraft  are  summarized  In  Table 
X.  This  provides  data  on  geometry,  rotor  speeds  and  mass  properties.  Derived 
parameters  such  as  disk  loading,  blads  loading,  control  power,  etc.,  are 
provided  In  Table  2.  Hots  that  the  UH-60A  was  svaluatsd  at  both  Its  AACT  cast 
weight  of  14,685  pounds  and  Its  Beslc  Design  Cross  Weight  (BDCU)  of  16,825 
pounds.  Ths  AH-64A  was  handled  In  a  similar  manner  for  Its  AACT  (16,222 
pounds)  and  BDCV  (14,770  pounds)  conf iguretlons .  Data  on  the  Ml-28  at  both 
22,984  pounds  and  20,000  pounds  ars  provided,  but  only  ths  heavlsr  case  wes 
svaluatsd  In  this  study.  Power  available  data  ars  provldsd  In  Tebls  3.  This 
shows  ths  lntsrmsdlata  rated  powsr  (1RP)  for  each  engine,  the  total  1RP  powsr 
for  ths  aircraft,  ths  main  gsarbox  llults  on  powsr,  and  the  powsr  available  to 
the  main  rotor  at  different  alrspesds.  Note  that  for  the  ssa  level  standard 
conditions  of  this  study,  many  of  the  modern  hsllcopters  wars  main  gsarbox 
limited  and  could  not  use  all  of  the  engine  power  available.  A  drag  breakdown 
for  the  aircraft  Is  provided  In  Appsndix  N. 
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TABLE  1.  INPUT  DATA  LIST  FOR  H/A  AIRCRAFT 


SEGMENT! 2  AIRFOIL  S4R8U  SC4R8  0012  HH02  0012  VR7SC  S1095  S195U 
SEGMENT!  3  AIRFOIL  S4R8U  5C4.18  0012  KH02  0012  VR7SC  S1095  S19SU 
SEGMENT! 4  AIRFOIL  8195U  5109S  0012  HH02  0012  VRR8C  8109S  S19*U 
SEGMENT! S  AIRFOIL  S195U  31C95  0012  HH02  00l2  VRbSC  81095  S195U 
KAIH  ROTOR  NOR8EFOWRR  2821.  1300.  13174.  2784.  420.  1290.  1372. 


TABLE  1.  INPUT  DATA  LIST  FOR  M/A  AIRCRAFT  (Cont'd) 
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TABLE  2.  DERIVED  PARAMETER  SUMMARY 


ITEM  AIRCRAFT 


UH-60A 

(AACT) 

S-76A 

CH-53E 

A1I-64A 

(AACT) 

Gross  Weight,  lbs 

14635 

8925 

56000 

16222 

Re/erence  shp 

2828 

1300 

12339 

2784 

Disk  Loading,  lb/ftJ 

6.49 

5.87 

11.42 

8.96 

Blade  Loading,  lb/ftz 

79.1 

78.6 

83.7 

96.6 

Power  Loading,  lb/shp  (total) 

5.19 

6.66 

4.54 

5.83 

MR  Tip  Speed,  fps 

724 

675 

778 

726 

MR  Solidity 

.0821 

.0747 

.1365 

.0928 

Hinge  Offset,  X 

4.66 

3.79 

6.33 

3.82 

Lock  Number 

8.08 

8,97 

13.57 

7.46 

Thrust  Coefficient 

.00521 

00541 

.00793 

.00715 

Roll  Control  Sensitivity, 
rad/sec*/deg 

.937 

.760 

.416 

1.607 

Pitch  Control  Sensitivity, 
rad/sec*/deg 

.113 

.135 

.071 

.128 

Yaw  Sensitivity, 

.0659 

.0874 

.0449 

.069 

rad/sec 1 /deg 
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TABLE  2.  DERIVED  PARAMETER 

SUMMARV  (Cont'd) 

ITEM 

AIRCRAFT 

OH -58 A 

AH-lS 

SA-365N 

Mi-28 

Cross  Weight,  lbs 

2790 

9620 

8750 

22984 

Reference  shp 

420 

1290 

1372 

4400 

Disk  Loading,  lb/ft2 

2.83 

6.33 

7.27 

9.15 

Blade  Loading,  lb/ft2 

73.0 

87.5 

88.5 

81.5 

Power  Loading,  lb/shp  (total) 

6.64 

7.46 

6.38 

5.22 

MR  Tip  Speed,  fps 

657 

/46 

717 

715 

MR  Solidity 

.0388 

.0723 

.0822 

.1128 

Hinge  Offset,  X 

0 

0 

3.83 

5.50 

Lock  Number 

4.30 

5.76 

7.83 

12.92 

Thrust  Coefficient 

.00276 

.00478 

.00596 

.00757 

Roll  Control  Sensitivity, 
rad/sec2/deg 

.501 

.409 

.749 

.455 

Pitch  Control  Sensitivity, 
rad/sec2/deg 

.107 

.100 

.133 

.090 

Yaw  Control  Sensitivity, 
rad/sec2/deg 

.1035 

.0802 

.106 

.0489 
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TABLE  2.  DERIVED  PARAMETER  SUMMARY  (Cont'd) 


ITEM 

AIRCRAFT 

UH-60A 

AH-64A 

Mi-28 

(BDCV) 

(BDCU) 

(A/A) 

Gross  Weight,  lbs 

16825 

14770 

20000 

Reference  shp 

2828 

2784 

4400 

Disk  Loading,  lb/ftJ 

7.44 

8.16 

7.96 

Blade  Loading,  lb/ft* 

90.6 

07.9 

70.9 

Power  Loading,  lb/shp  (total) 

5.95 

5.31 

4.55 

MR  Tip  speed,  fps 

724 

726 

715 

MR  Solidity 

.0821 

.0928 

.1128 

Hinge  Offset,  X 

4.66 

3.82 

5.50 

Lock  Number 

8.0 

7.46 

12.92 

Thrust  Coefficient 

.00596 

.00651 

.00658 

Roll  Control  Sensitivity, 
rad/sec/deg 

.825 

2.064 

.481 

Pitch  Control  Sensitivity, 
rad/sec/2 

.105 

.135 

.0936 

Yaw  Control  Sensitivity, 
rad/secJ/deg 

.0583 

.0775 

.0546 
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TABLE  3.  MAIN  ROTOR  POWER  AVAILABLE  SUMMARY 


ITEM 

UH-6QA 

AH-64A 

S-76A 

AH-1S 

Engine 

T700-CE-700 

T700-CE-701 

T250-C30 

T53-L-703 

IR?  Power 

Available  (30  min) 

1622 

1698 

650 

1800 

Tines  No.  of  Engines 

3244 

3396 

1300 

1800 

MCB  Limit  (30  nln) 

2828 

2784 

1352 

1290 

Ref.  SHP 

2828 

2784 

1300 

1290 

MR  SHP  Available 

Hover  (0.840) 

2376 

2339 

1092 

1034 

40  kts  (0.887) 

2508 

2469 

1153 

1144 

80  kts  (0.920) 

2602 

2561 

1196 

1187 

140  kts  (0.927) 

2622 

2581 

1205 

1196 

ITEM 

CH-53E 

OH- 5 BA 

SA-365N-1 

Ml -28 

Engine 

T64-CE-416 

T63-A-700 

Arr: *1  1-C 

Isotov 

TV3-117 

IRP  Power 

Available  (30  nln) 

4113 

420 

686 

2650 

Tines  No.  of  Engines 

12.339 

420 

1332 

5300 

MCB  Limit  (30  min) 

13,174 

.... 

.... 

4400 

Ref  SHP 

12,339 

420 

1372 

4400 

MR  SHP  Available 

Hover  (0.840) 

10,281 

353 

1152 

3696 

40  kts  (0.887) 

10.856 

373 

1217 

3903 

80  kts  (0.9J0) 

11.260 

386 

1262 

4048 

140  kts  (0.927) 

11,346 

389 

127? 

4079 
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In  order  to  study  the  M/A  characteristics  of  these  eight  helicopters,  it  la 
necessary  to  understand  how  the  aircraft  compare  to  one  another,  not  only  In 
their  basic  attributes  such  as  groat  weight  or  rotor  radius  but  also  In  their 
classical  design  parameters  such  as  disk  loading,  solidity  and  control  power. 

The  aircraft  studied  were  all  single -rotor  helicopters  which  are  in  current 
use.  They  range  In  gross  weight  from  2790  pounds  for  the  OH-58A  to  56,000 
pounds  for  the  CH-53E  (Figure  8).  In  api':e  of  a  factor  of  20  difference  in 
gross  weight,  rotor  radii  only  vailed  by  a  factor  of  2.2  when  the  17.7  feet  of 
the  Kiowa  is  compared  to  the  39.5  feet  of  the  Super  Stallion  (Figure  9). 
Available  horsepower,  on  the  other  hand,  varied  by  a  factor  of  30  (420  shp 
OH-58,  12339  shp  CH-53E)  as  shown  in  Figure  10.  Main  rotor  tip  speeds  (Figure 
11)  are  all  around  700  feet  per  second  (657  for  OH-58A,  778  for  CH-53E  at  105 
percent).  Several  types  of  rotors  are  represented,  ranging  from  the  teetering 
types  of  the  Bell  aircraft  to  the  starflex  rotor  on  the  Dauphin.  The 
Sikorsky,  McDonnell  Douglas,  and  Mil  designs  employ  conventional  articulated 
hub  designs.  Flapping  hinge  offsets  are  illustrated  in  Figure  12  and  vary 
from  zero  for  the  teetering  rotors  to  6.33  percent  for  the  large  Super  Stal¬ 
lion. 

When  considering  such  a  diverse  array  of  vehicles,  more  appropriate  compar¬ 
isons  can  be  achieved  by  reviewing  the  classical  nondimens ional  parameters 
shown  in  Figures  13  through  17.  One  of  the  most  important  of  these  parameters 
is  disk  loading  (Figure  13),  which  is  very  significant  in  hover  and  at  low 
speeds.  The  OH-58A  has  a  very  low  diak  loading  of  2.83  pounds/square  foot. 
Most  of  the  other  aircraft  have  more  typical  values,  between  6  and  9  pounds/ 
square  foot  but  the  CH-53E  is  11.42  at  the  56,000  pounds  of  this  study.  Blade 
loading,  on  the  other  hand,  is  remarkably  similar  for  such  a  wide  range  of 
types.  The  average  value  is  about  83  pounds/square  (Figure  14)  foot  with  the 
OH-58A  on  the  bottom  end  at  73.0  and  the  AH-64A  on  the  high  end  at  96.6  psf 
(at  its  AACT  CU  of  16,222  pounds).  Since  the  previous  M/A  Phase  I  study 
showed  Che  importance  of  power  at  low  speeds,  the  power  loading  (pounds/shp) 
is  another  parameter  of  interest.  As  seen  in  Figure  15,  power  loadings 
average  about  5.81  pounds/shp.  The  CH-53E  and  ATA  Mi- 28  (20,000  pound  CU) 
have  the  best  values  of  4.55,  while  rhe  AH-1S  is  the  worst  at  7.46.  The  Cobra 
is  main  gearbox  (MCB)  limited  to  1290  shp.  If  the  full  1800  shp  of  the  T53 
engine  were  available,  its  power  loading  would  fall  to  a  much  better  5.31 
pounds/square  foot.  The  UH-60A  and  AH-64A  are  also  main  gearbox  limited,  but 
not  to  as  great  an  extent  as  the  Cobra.  At  its  BDCU,  the  BLACK  HAWK  would 
improve  its  power  loading  by  going  to  5.19  from  5.95.  Similarly,  the  Apache 
would  move  from  5.31  to  4.35,  better  than  the  lightweight  Mi-28  and  CH-53E. 

Main  rotor  solidity  (blade  area/disk  area)  varies  greatly  for  the  eight 
helicopters  (Figure  16).  The  seven-bladed  Super  Stallion  has  a  solidity  of 
13.7  percent  and  the  five-bladed  HAVOC  has  11.3  percent.  The  Kiowa  is  lowest 
at  3.9  percent,  but  the  Cobra  (also  two-bladed)  has  a  more  typical  value  of 
7.2  percent. 
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GROSS  WEIGHT  pounds 


Flgur*  8 .  Cross  Wsigbt  Co«p*rl»on  Chsrc 
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radius 


Flgura  9.  Haiti  Kotor  Radius  Comparison  Chart 
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Rtf  SHP 


AH-64A  (! 


MR  Tip  Speed  -  feel/second 
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Hinge  Offset 


Figure  12.  Hsln  Rotor  Hinge  Offset  Comparison  Chart 
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AH-64A  (BOGW) 
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Figure  14.  Blede  larding  Comparison  Chert 
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Power  Loading 


Figure  15.  Power  Loading  Comparison  Chart 
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MR  solidity 


The  Lock  number  (ratio  of  blade  air  loading  to  inertial  loading)  also  display* 
a  wide  range  of  values,  but  this  is  expected  because  rotor  blade*  do  not  *cale 
directly  with  gross  weight,  Most  of  the  aircraft  have  value*  around  eight, 
but  the  CH-53E  is  highest  et  13.57  (Figure  17)  followed  by  the  Hi-28  at  12.92. 
The  OH-58A  is  lowest  at  4.30  with  the  AH-1S  just  ahead  at  5.76. 

The  effect  of  tip  speed,  solidity,  hinge-offset  and  Lock  number  on  maneuver¬ 
ability  and  agility  can  be  assessed  by  looking  at  the  normalized  pitch  and 
roll  control  sensitivities  (Figures  18  and  19).  The  moment  capabilities  were 
calculated  using  tha  hub  moment  calculations  of  Reference  6.  If  these  values 
ara  divided  by  the  pitch  and  roll  inertias,  the  normalized  pitch  and  roll 
control  sensitivities  in  radians-per-second-*quared-per-degrea  result.  A 
better  measure  would  have  been  the  classical  control  powers  of  radians-per- 
second-squared-per- inch  of  stick  deflection.  Because  the  heed  limits  in 
degrees  were  not  always  known,  the  sensitivities  are  provided  rether  than  the 
control  powers. 

A  review  of  Figure  18  shows  that  the  Apache,  Dauphin  and  S-76A  have  the 
highest  values  of  pitch  control  sensitivity,  around  0.13,  while  the  CH-53E  is 
worst  at  0.07  radian —per  -  second- squared-per-degree  . 

The  roll  control  sensitivities  illustrated  in  Figure  19  are  much  larger  than 
the  pitch  values  and  also  show  a  much  grea  r  spread  of  values.  The  generally 
higher  values  simply  reflect  the  higher  pitch  inertias  of  all  helicopters 
(typically,  s'x  times  of  the  roll  value).  The  extreme  spread  is  domineted  by 
the  very  high  values  of  the  Apache.  This  is  due  to  the  low  roll  inertia  of 
this  configuration.  Estimates  of  the  yaw  control  power  were  also  made.  In 
this  case  the  tall  rotor  was  assumed  to  have  a  maximum  thrust  coefficient/ 
solidity  of  0.14.  For  the  fenestron  of  the  SA-365N,  the  thrust  of  the  fan  was 
b*sed  on  the  annular  area  and  the  thrust  augmentation  due  to  the  duct  was  set 
el  the  classical  velue  of  2.0  The  results  are  plotted  in  Figure  20.  About  a 
two-to-one  variation  between  highest  and  lowest  values  is  present.  The  OH-58A 
and  Dauphin  were  the  best  while  the  Super  Stallion  and  HAVOC  were  the  worst. 

As  the  above  discussion  shows,  the  helicopters  used  in  this  study  cover  a 
broad  range  of  characteristics.  Yet  each  aircraft  has  its  own  distinct 
profile  or  "signature"  of  attributes.  Thus,  they  provide  an  excellent  test 
for  the  M/A  methodology  developed  in  the  Phase  I  Study.  Because  most  of  these 
helicopters  participated  in  the  AACT  activity,  the  analytical  results  can  be 
compared  to  actual  flight  test  data.  The  fact  that  these  are  all  contemporary 
designs  ensures  that  the  results  are  relevant. 

The  M/A  Phase  I  study  showed  that  the  classical  design  parameters  affect  M/A 
in  different  ways.  For  example,  in  some  maneuvers  low  disk  loading  may  be  a 
virtue  and  in  others  it  may  be  a  liability.  Thus ,  knowledge  of  these  parameters 
does  not  allow  one  to  assess  the  relative  maneuverability  and  agility  of  a 
given  design.  In  this  report  a  methodology  for  assessing  M/A  capability  is 
developed . 
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Figure  17.  Hein  Rotor  Lock  Nuaber  Comparison  Chart 
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Pitch  Control  Sensitivity  >  Rad/secA2/degree 
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Roil  Control  Sensitivity  ~  Rad/sec*2/degree 


Flgur*  19.  loll  Control  Sonaitlvlcy  Comparison  CJiart 
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Yaw  Control  Sensitivity  -  Rad/secA2/degree 


AH-64A(BDGW) 


Maneuver  Controller  Description 


While  the  CenHel  simulation  environment  provides  the  user  with  a  detailed, 
free-flying  model  of  the  helicopter,  the  process  of  actually  'flying*  a 
maneuver  manually  is  difficult  (in  an  analysis  mode  and  not  linked  to  a 
cockpit).  The  engineer  must  find  the  control  time  histories  that  will  result 
in  a  specified  maneuver.  For  example,  in  a  symmetrical  pull-up,  the  controls 
need  to  be  manipulated  not  only  to  achieve  the  desired  load  factor  but  also  to 
retain  heading  and  maintain  zero  roll  angle.  In  order  to  ease  the  burden  of 
this  task,  two  auxiliary  modulas  are  available  in  CenHel .  One  is  a  crimming 
autopilot,  the  other  is  a  maneuver  controller. 

The  trimming  autopilot  is  usad  to  generate  'static*  data.  The  trimmara  will 
find  the  control  positions  that  give  the  aircraft  a  specified  sec  of  accelera¬ 
tions  (typically  zero,  but  not  necessarily)  and  prescribed  turn  rates,  climb 
rates  and  velocity.  This  module  was  used  for  maneuvers  like  the  80  knot 
steady  turn.  In  this  case,  the  engineer  would  let  the  trimmer  find  tha 
solution  for  a  given  bank  angle  then  increase  that  value  and  retrim  iterating 
until  the  power  available  limit  was  reached. 

The  maneuver  controller  was  used  for  "dynamic*  maneuvers  like  the  acceleration 
from  hover  to  80  knots.  The  user  specified  a  desired  maneuver  profile  and  the 
controller  would  fly  the  aircraft  through  the  maneuver.  The  design  of  this 
controller  is  shown  in  Figure  21.  Tha  basic  scheme  ia  explicit  model  follow¬ 
ing.  The  commanded  profile  is  sent  to  shaping  filters  which  define  the 
desired  aircraft  response.  These  signals  then  go  to  a  model-following  control 
system.  This  contains  an  inverse  model  of  the  aircraft  which  converts  the 
desired  responses  into  control  commands.  The  inverse  model  ia  linear,  with 
the  matrix  coefficients  based  on  derivatives  generated  in  the  CenHei 
simulation  model  of  that  aircraft.  The  commands  are  then  fed  to  the  CenHel 
simulation  model.  Since  the  simulation,  like  the  aircraft,  is  nonlinear,  the 
actual  responses  are  compared  to  the  commands  and  the  error  used  to  update  the 
control  positions.  The  controller,  then,  regulates  the  error  to  zero  so  tha 
resulting  aircraft  response  matches  the  command  profile. 

The  maneuver  controllers  do  not  impose  limits  on  the  command  response.  When 
flying  the  maneuvers,  the  engineer  has  to  inspect  the  time  histories  to  see  if 
the  appropriate  limits  (power  available,  pitch  attitude,  rotor  stall 
boundaries,  etc.)  have  been  excaaded.  If  so,  the  command  profiles  ara  altered 
and  the  maneuvers  reflown  until  the  appropriate  limits  are  not  violated. 
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SIMULATION  RESULTS 


This  section  of  the  report  discusses  the  results  of  the  simulated  maneuvers. 
It  Is  divided  Into  tvo  major  parts.  The  first  reviews  the  results  on  a 
maneuver-by-maneuver  basis.  Tha  second  discusses  the  overall  results  on  an 
alrcraf t-by-aircraft  basis. 

DISCUSSION  OF  RESULTS  FOR  EACH  MANEUVER 

In  order  to  structure  thia  discussion,  the  fundamental  parameter  plots  for 
each  maneuver  will  be  reviewed  individually.  Tha  maneuver  results  will  be 
presented  in  four  parts  •  a  description  of  the  maneuver  itself,  a  listing  of 
tha  constraints  imposed  on  it,  a  review  of  the  fundamental  parameter  and 
measure-of -effectiveness  (MOE)  for  tha  maneuver,  and  a  detailed  discussion  of 
the  simulation  results.  These  detailed  discussions  will  include  tha  Mi-28 
parametric  study.  All  of  the  static  data  used  to  calculate  the  fundamental 
parameters  is  provided  in  Table  4.  The  fundamental  parameters  and  the 
maneuver  results  are  summarized  in  Table  5. 

Hover  Bob-l’p 

Maneuver:  The  hover  bob -up/bob- down  is  used  in  a  threat  environment  to 
provide  masking.  The  helicopter  climbs  vertically,  hovers  momentarily  to 
activate  sensors  or  weapons,  then  rapidly  descends  to  remask.  Time  was  not 
available  to  analyze  both  bob-up  and  bob- down.  Since  the  bob-up  and  bob- down 
are  really  separate  maneuvers,  sensitive  to  different  parameters,  the  results 
of  this  bob-up  study  should  not  be  used  to  imply  any  bob-down  characteristics. 

Constraints :  This  is  a  ’dynamic"  maneuver  done  with  the  maneuver  controller. 
The  helicopter  must  maintain  its  position  over  the  ground,  must  maintain  its 
heading  and  must  stop  at  100  feet. 

Fundamental  Parameter  and  MOE:  The  fundamental  parameter  for  this  maneuver  is 
the  hover  maximum  thrust  to  gross  weight  ratio.  The  simulation  was  hovered  at 
increasing  gross  weights  until  the  main  rotor  hover  power  available  of  Table  3 
was  reached.  This  defined  the  maximum  thrust  available.  Since  low  speed 
maneuvers  are  typically  power  constrained,  the  maximum  thrust- to-weight  ratio 
was  found  to  be  the  best  normalizing  factor.  The  MOE  was  defined  as  the 
maximum  rate  -  of -cl lmb  (ROC)  achieved  during  the  maneuver.  This  is  not 
necessarily  the  maximum  ROC  capability  of  the  aircraft  since  the  maneuver 
requires  the  aircraft  to  climb,  then  slow  down  and  scop  at  exactly  100  feet. 
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TABLE  4.  STATIC  PARAMETER  DATA  LIST 


0  0517  0  0679  0  0710  0  075*  0  000*  0  0661  0  070  0  0527  0  0721  0  0044 


TABLE  4  STATIC  PARAMETER  DATA  LIST  (Cont'd) 


turn  waom  B«p  Ml 


TABLE  5.  MANEUVER  RESULTS 


Simulation  Results;  The  hover  bob-up  fundamental  parameter  plot  is  shown  in 
rigure  22.  This  shows  the  maximum  rate-of -climb  achieved  during  the  bob-up  to 
100  faat  versus  tha  maximum  hover  thrust  to  gross  weight  ratio.  Ten  data 
points  ara  shown,  one  for  each  of  the  study  aircraft  plus  tha  UH-60A  and 
AH-64A  at  their  BDGU.  In  addition,  the  trend  line  from  the  M/A  Phase  I  study 
is  also  presented.  Nota  that  all  these  data  are  for  sea  level  standard 
conditions.  Significantly  this  plot  shc-s  that  tha  fundamental  parameter  of 
thrust/weight  does  indeed  collapse  the  data  from  this  wide  variety  of  aircraft 
onto  a  single  line.  The  only  two  exceptions  are  tha  CH-53E  and  tha  0H-58A, 
tha  largast  and  smallest,  respactivaly ,  of  tha  halicopters  avaluatad.  In 
addition,  the  maximum  thrust  available  was  limitad  by  power  available  in  all 
casas.  Tha  trand  line  from  tha  M/A  Phasa  I  study  is  somewhat  highar  than  tha 
current  data,  dua  to  the  differences  in  the  way  the  availabla  power  was 
handled.  In  the  Phase  I  study,  all  the  availabla  pcwar  was  utilized  by  the 
rotor,  while  in  this  study  appropriate  tail  rotor  and  accessory  losses  were 
accounted  for. 

In  examining  these  data  more  closely,  it  can  be  seen  that  the  CH-53E  is  below 
tha  trend  line,  the  AH- 64a  at  its  BDCV  is  on  the  line  and  the  OH-58A  is  above, 
yet  all  have  about  the  same  thrust/weight  ratio.  The  reason  for  this  is 
explainable  in  the  dynamic  nature  of  the  maneuver. 

Review  of  the  time  history  data  shows  that  the  high  dish  loading  Super  Stal¬ 
lion  reaches  its  power  limit  quickly  in  the  maneuver  and  is  still  increasing 
its  ROC  when  the  coliectiva  has  to  be  lowered  to  stop  at  100  feet.  The  Kiowa, 
on  the  other  hand,  has  a  vary  low  disk  loading.  It  takes  longer  to  reach  its 
power  limit  and  is  in  a  steady  climb  by  the  time  the  coliectiva  is  lowered. 
The  disk  loading  and  power  loading  differences  of  these  two  helicoptars  result 
in  a  similar  thrust/weight  ratio,  so  their  steady  rate-of -climb  would  be  about 
the  same,  but  the  dynamic  affects  of  the  lower  disk  loading  gives  the  kidwa  a 
quickness  advantage  in  this  maneuver. 

The  effect  of  addicioncl  power  on  the  Mi-28  hover  bob-up  is  shown  in  Figure 
23.  Total  aircraft  power  available  was  evaluated  at  values  of  4400,  4800  and 
3300  shp.  The  resulting  powers  available  to  the  main  rotor  were  3696,  4032 
and  4452  shp,  respectively.  The  Mi-28  improvement  in  ROC  falls  along  the 
basic  trend  line  established  by  the  other  aircraft.  The  4032  shp  point 
reprasents  a  9-percent  increase  In  power  available  and  provides  a  13-percent 
improvement  in  ROC.  The  4452  shp  case  shows  that  a  20-percent  power  increasa 
yields  a  25-percent  higher  ROC. 

Acceleration  from  Hover  to  8Q  Knots 

Maneuver:  Since  the  best  maneuvering  speed  for  a  helicopter  is  in  the  power 
bucket  { typically  70  to  80  knots),  it  is  Important  for  an  aircraft  to  be  able 
to  accelerate  rapidly  from  low  NOE  speeds  to  this  maneuvering  speed.  This 
maneuver  is  done  by  lowering  the  nose  and  applying  power.  The  time  to  accel¬ 
erate  is  basically  limited  by  power  absorbed  by  the  rotor. 
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MAXIMUM  RATE  OF  CLIMB  -  leet/rrtnute 


MAXIMUM  THRUST  /  WEIGHT  -  n.d. 


Figure  22  Hover  ftob-Up  SuMury  Chart 
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MAXIMUM  RATE  OF  CLIMB  -  feet/minute 


Figure  23.  Effect  of  Increased  Power  on  Hi-28  Hover  Rob-Up 
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Constraints :  In  GenHel,  this  Is  also  a  "dynamic"  maneuver  done  with  tha 

maneuver  controller.  Limitations  imposed  included  the  folio. 'ing: 

a)  Altitude  cust  be  held  constant. 

b)  Haading  must  bj  held  constant. 

c)  Power  available  to  tha  rotor  could  not  exceed  the  amount  available 
at  40  knots . 

d)  Nose  down  pitch  altitude  could  net  exceed  23  degrees 

The  first  two  constraints  are  obvious.  The  third  one  was  imposed  to  limit  the 
power  utilized  at  higher  speeds.  Since  the  power  available  varies  with 
airspeed,  the  valua  at  40  knots  was  selected.  The  last  constraint  was  based 
on  realistic  piloting  constraints.  Typically,  exoersiva  nose  down  attitudes 
are  not  used  by  pilots  because  of  lack  of  visibility  and  physical  discomfort. 

In  order  to  treat  all  the  helicoptera  fairly,  a  25-degree  nose  down  limit  was 
imposed  on  all  of  them. 

Fundamental  Parameter  and  HOE:  Being  a  low  speed  maneuver  and  hence  dominated 
by  power  available,  the  acceleration  to  80  knots  uses  the  normalized  power 
margin  as  the  fundamenta'.  parameter.  This  is  the  main  rotor  power  available 
in  hover  minus  the  hover  power  required,  divided  by  the  hover  powei  required. 

While  the  performance  is  obviously  a  function  of  the  power  available  over  tha 
whole  speed  range  of  the  maneuver,  the  M/A  Phase  I  atudy  showed  that  the  data 
collapsed  well  using  the  hover  power  margin.  .116  HOE  was  the  time  to  get  to 
80  knots. 

Simulation  Results:  Figure  24  shows  the  hover  acceleration  to  80  knots 
fundamental  parameter  plot.  This  shows  the  time  to  get  to  80  knots  versus  the 
normalized  hover  power  margin.  The  same  ten  data  points  are  shown  as  for  the 
hover  bob-up  along  with  the  trend  line  from  the  Phase  I  study. 

For  this  maneuver,  the  fundamental  parameter  collapses  the  data,  but  not  as 
well  as  the  hover  bob-up.  The  reason  for  this  is  that  more  constraints  are 
applied. 

Review  of  the  time  history  data  shows  that  all  the  aircraft  except  the  heavy¬ 
weight  Apache  are  restricted  initially  by  the  25-  degree  nose-down  pitch 
attitude  limit.  At  the  end  of  the  maneuver,  the  nose  comes  up  as  the  power 
limit  is  raached  for  each  helicopter.  Because  of  the  impact  of  individual 
aircraft  encountering  constraints  at  different  times,  it  is  instructive  to  • 

examine  the  maneuver  histories  on  an  individual  basis. 

0H-S8A  -  This  helicopter  rapidly  rotates  down  to  the  pitch  attitude  limit  and 
stays  there  for  about  two- thirds  of  the  acceleration  interval.  The  nose  comes 
up  and  the  Kiowa  is  on  its  power  limit  for  the  remaining  one- third  of  tha 
maneuver . 
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TIME  TO  80  KNOTS 


Figure  24.  Acceleration  f ro«  Hover  to  80  Knots  SuHtary  Chart 
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SA-365N  -  The  Dauphin  nosas  over  and  sits  on  the  pitch  attitude  limit  for  the 
first  one-third  of  the  maneuver.  It  reaches  ita  power  limit  in  this  nose-down 
state  and  the  nosa  comes  up  for  the  remainder  of  tha  acceleration.  The 
SA-365N  is  powar-limited  for  the  last  three- fourths  of  the  maneuver. 

S -76A  •  The  S-76  noses  down  but  is  on  the  25  degree  attitude  limit  for  only  a 
short  time  before  it  becomes  power  limited.  The  nosa  comes  up  and  the  air¬ 
craft  remains  power  limited  for  about  80  percent  of  tha  acceleration  intarval. 

AH-1S  -  Tha  Cohra  noses  ovar  and  stays  on  tha  -25  dagree  limit  for  about 
one-half  of  the  acceleration  interval  and  is  power  limited  for  the  other  half. 

UH-60A  -  Tha  lightweight  (14,685  pounds)  AACT  BLACK  HAUK  rotates  quickly  to 
the  no»e-down  attitude  limit  and  stays  there  for  approximately  one-half  of  the 
manauver.  As  velocity  increases,  the  aircraft  reaches  its  power  limit  and  the 
nose  begins  to  migrate  upward  with  increasing  airspeed  to  stay  on  that  limit 
for  the  rest  of  the  acceleration.  The  heavier  (16,825  pounds)  BDCy  helicopter 
follows  a  similar  profile,  but  it  is  slower  in  rotating  to  the  nose-down  limit 
and  reaches  tha  power  limit  sooner.  At  this  point,  the  BDCU  aircraft  nose 
migrates  upward  with  increasing  airspeed  to  stay  on  the  power  limit. 

AH- 64a  -  The  lightweight  (BDCU)  Apache  gets  to  the  -25  degree  pitch  attitude 
limit  and  stays  there  for  about  one-third  cf  the  maneuver.  The  remainder  of 
the  acceleration  is  power  limited,  with  lower  pitch  attitudes.  Longitudinal 
flapping  as  high  as  -10  degrees  is  achieved.  The  heavier  (AACT)  aircraft 
never  gets  to  the  pitch  attitude  limit,  but  gets  down  to  -12  degress.  It  is 
power  limited  for  the  last  60  percent  of  the  maneuver. 

Ml  -  28  -  The  HAVOC  rotates  down  to  the  -25  degree  limit  and  stays  there  for 
most  of  the  maneuver,  with  the  nose  coming  up  to  -20  degrees  as  the  power 
limit  is  reached  at  the  end  of  the  acceleration.  The  results  of  the  power 
available  parametric  study  aro  illustrated  in  Figure  25.  The  same  total 
aircraft  powers  were  used  as  before,  yielding  values  of  main  rotor  power 
available  of  3903,  4257  and  4701  shp  at  40  knots.  This  study  was  very  in¬ 
structive  in  the  effect  of  maneuver  constraints.  The  4257  shp  case  improved 
the  acceleration  time  by  only  0.27  second.  This  was  due  to  the  -25  degree 
pitch  attitude  limit,  which  presented  the  aircra.'t  from  using  all  of  the  power 
available.  As  a  consequence,  the  4701  shp  configuration  had  na  improvement  in 
the  acceleration  time  compared  to  the  4257  shp  case  The  nose-down  attitude 
constraint  limits  the  maneuver  capability,  regardless  of  the  power  available. 

CH-53E  -  The  Super  Stallion  rotates  down  to  the  attitude  limit  and  stays  there 
for  about  one-half  of  the  maneuver.  During  the  last  half  the  power  limit  is 
reached  and  the  nose  comes  up. 

Examination  of  the  Figure  25  Fundamental  Parameter  Chart  shows  that  the  data 
are  well  collapsed  except  for  the  OH-58A.  The  excessive  time  for  the  OH-58A 
acceleration  may  be  due  in  part  to  the  poor  longitudinal  trim  correlation 
discussed  in  Appendix  E.  WTiile  a  basic  trend  exists,  the  inherent  differancas 
between  the  aircraft  and  the  effects  of  the  imposed  operational  constraints 
result  in  more  scatter  chan  the  Phase  1  data. 


50 


TIME  TO  80  KNOTS 


Sea  Level  Standard  Conditions 


(HPavall  -  HPhover)/HPhover  -  n.d. 


F;.gura  25.  Effoct  of  Incra&sad  Povar  of  Hl-28  Accalaraclon 
fro*  Hcrrar  to  30  Knots 
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Deceleration  from  80  Knots  to  Hover 


Maneuver:  This  maneuver  Is  basically  a  masking  one  In  which  the  helicopter 

decelerates  airspeed  quickly  from  80  knots  tS  hover.  Typically,  this  maneuver 
Is  flown  aggressively  to  mask  the  helicopter  from  potential  threats  or  to 
position  It  for  an  air-to-air  encounter  with  a  crossing  threat.  This  maneuver 
is  performed  by  pitching  the  aircraft  up  and  using  the  aft-directed  rotor 
thrust  to  produce  deceleration.  To  avoid  ballooning  to  a  higher  altitude,  the 
collective  pitch  must  be  reduced. 

Constraints :  This  Is  also  a  "dynamic’  maneuver  using  tha  CenHel  maneuver 

controller . 

Realistic  constraints  applied  to  this  maneuver  were: 

a)  Altitude  must  be  held  constant. 

b)  Rotor  could  not  be  over- speeded  -  only  driven  to  zero-torque  autorota- 
tlon. 

c)  Nose-up  pitch  attitude  could  not  exceed  25  degrees. 

d)  Rotor  power  required  could  not  exceed  the  hover  power  available  as  shown 
in  Table  3.  This  was  done  because  some  of  the  aircraft  continued  to 
decelerate  at  low  speed  using  high  power. 

The  first  constraint  avoids  the  natural  tendency  of  the  aircraft  to  gain 
altitude  when  rotated  to  nose-up  Attitudes.  The  second  one  was  imposed 
because  it  is  unlikely  that  the  pilot  will  want  to  decouple  the  rotor  from  the 
engines  by  over- speeding  it  when  he  is  ir.  the  tactical  environment.  The  pitch 
attitude  limit  was  added  because  of  visibility  and  comfort  reasons  as  was  done 
in  the  previous  acceleration  maneuver.  The  power  limit  was  added  to  avoid 
having  '‘he  helicopters  reach  hover  with  large  nose-up  attitudes. 

Fundamental  Parameter  and  MOE:  For  this  maneuver,  the  fundamental  parameter 
is  the  hover  power  required  divided  by  the  gross  weight.  This  did  not 
normalize  the  data  as  well  as  the  previous  maneuvers,  but  a  definite  trend  was 
present.  The  MOE  was  the  time  to  do  the  maneuver. 

Simulation  Results:  This  maneuver  showed  more  variety  in  how  the  tight 
different  helicopters  responded  than  the  previous  two.  In  general,  the 
helicopters  would  nose-up  until  autorotation  limited.  As  the  aircraft  slowed 
down,  the  nose-up  attitude  would  increase  until  the  25-  degree  limit  was 
reached.  At  the  end  of  the  maneuver,  the  nose  would  come  down,  sometimes 
forced  by  the  hover  power  available  limit.  As  a  consequence  the  data  is  more 
scattered,  as  shown  in  Figure  26.  Review  of  the  time  history  data  for  each 
aircraft  highlights  the  individual  "signature'  each  type  has  for  this 
maneuver . 
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Sea  Level  Standard  Conditions 


Figure  26.  Deceleration  fro»  30  Knot*  to  Hover 
Sumirj  Chert 
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OH  - 56A  -  The  Kiowa  Is  autorotation  limited  tor  most  of  the  maneuver,  never 
getting  to  the  25- degree  nose-up  pitch  attitude  limit.  At  the  end  of  the 
maneuver,  the  nose  is  forced  down  by  the  hover  power  available  limitation. 

SA- 365N  -  For  this  French  helicopter,  the  initial  pitch-up  is  limited  by 
autorotation  for  about  25  percent  of  the  maneuver  time.  The  attitude  then 
increases  to  the  attitude  limit  until  the  end  of  the  mane. .er,  This  aircraft 
is  not  limited  by  the  nover  power  constraint. 

S-76A  -  The  3-76A  behavior  is  similar  to  the  Dauphin.  The  initial  pitch-up  is 
autorotation  limited  for  15  percent  of  the  maneuver.  The  nose  comes  up  as  the 
aircraft  slows  and  is  at  the  limit  until  hover  is  reached.  The  hover  power 
available  was  not  a  limiting  factor. 

AH- IS  -  The  Cobra  is  restricted  by  all  of  the  limitations.  In  the  initial 
part  of  the  flare,  the  nose  pitches  up  and  is  limited  by  autorotation  for 
about  one-third  of  the  deceleration  time.  As  the  AH-lS  slows,  t.  ■  nose  comes 
up  further  and  hits  the  25-degree  attitude  limit  for  about  ten  percent  of  the 
maneuver  time  At  the  end,  the  nose  is  driven  down  by  the  requirement  to  not 
exceed  the  hover  power  available. 

CH - 60A  -  The  UH-60A  at  its  AACT  weight  was  on  the  autorotation  limit  initially 
for  about  ten  percent  of  the  maneuver  time.  As  the  helicopter  slowed,  it  was 
able  to  gradually  increase  its  nose-up  attitude  until  the  limit  was  reached. 
The  hover  power  limit  was  not  encountered  at  the  end  of  the  maneuver.  The 
BDGV  case  was  very  similar.  Tne  helicopter  waa  on  the  autorotation  limit  a 
little  longer  (15  percent  of  the  maneuver)  and  all  of  the  maneuver  was  some¬ 
what  more  gradual.  Again,  the  hover  power  available  was  not  a  limitation. 

AH  -  64A  -  ’x'ith  similar  disk  and  blade  loadings  compared  to  the  S-76A  and 
UH-60A,  the  Apache  (both  AACT  and  BDGV)  performed  the  deceleration  in  a  like 
manner.  The  initial  flare  was  autorotation  limited  for  about  10-15  percent  of 
the  maneuver  time,  then  attitude  limited  in  the  middle  of  the  deceleration. 
The  hover  power  available  did  not  constrain  the  pitch  attitude  at  the  end  of 
the  maneuver  for  either  weight. 

Mi  -  2 8  -  The  higher  disk  loading  of  the  Soviet  vehicle  results  in  it  only 
touching  the  autorotation  limit  and  then  staying  on  the  pitch  attitude  limit 
for  most  of  the  deceleration  until  the  end  when  the  nose  drops  to  achieve 
hover.  The  hover  power  available  constraint  was  not  a  limiting  factor. 

No  parametric  evaluation  of  this  maneuver  was  done  since  engine  power  avail¬ 
able  was  not  a  factor. 

CH- 53E  -  The  big  Super  Stallicn  simply  noses-up  to  25  degrees  and  stays  there 
for  most  of  the  maneuver  with  the  nose  coming  down  at  the  end  It  was  not 
restricted  by  either  the  autorotation  boundary  or  the  hover  power  available 
constraint . 
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Thi*  maneuver  is  a  good  illustration  of  the  intaraction  betvaan  the  Individual 
helicopter  characteristics  and  the  realistic  constraints.  Tha  low  disk 
loading  OH- 58A  Is  autorotation  limited  for  most  of  the  deceleration  and  never 
has  a  pitch  attitude  higher  than  22  degrees.  Aircraft  with  higher  disk 
loading  are  only  autorotation  limited  initially,  then  pitch  attitude  con¬ 
strained.  The  higher  disk  loading  CH-53E  never  gets  to  the  autorotation 
boundary.  At  the  end  of  the  maneuver,  some  of  the  helicopters  are  constrained 
by  the  hover  power  available  limit,  but  others  are  not.  This  interaction 
between  the  vehicles'  intrinsic  design  features  and  reasonable  operational 
limits  results  in  the  scatter  shown  in  Figure  26. 

8Q-Knot  Steady  Clinb 

Maneuver :  Good  bucket-spaed  climb  performance  is  very  important  for  scout/ 
attack  helicopters,  especially  in  air-to-air  encounters.  The  ability  to 
quickly  climb  to  catch  an  enemy  or,  alternatively,  to  be  able  to  climb  quickly 
to  avoid  an  engagement  is  one  of  the  most  important  attributes  that  a  combat 
helicopter  could  hsve. 

Constraints :  This  is  a  static  maneuver  done  using  the  trimming  autopilot.  No 
particular  constraints  are  applied  except  that  the  helicopter  is  trimmed  wings 
level  in  a  steady  climb. 

Fundamental  Parameter  and  HOE:  The  fundamental  parameter  is  the  normalized 
power  margin.  This  is  the  power  available  at  80  knots  minus  the  level  flight 
trim  power  required,  divided  by  the  trim  power.  The  MOE  is  the  maximum 
rate-of-climb  achieved.  For  this  study,  the  main  rotor  power  available  and 
power  required  were  used,  as  shown  in  Table  3. 

Simulation  Results:  The  fundamental  parameter  plot  is  shown  in  Figure  27. 
Although  this  is  a  "static"  maneuver,  the  data  shows  some  scatter  but  compares 
well  to  the  baseline  from  the  M/A  Phase  I  study.  The  BLACK  KAVK  and  S-76A  do 
slightly  better  than  the  trend  while  the  OH-58A  and  Mi-28  are  worse.  The 
0H-5EA  is  beyond  its  bucket  speed  at  80  knots  while  t.he  Mi-28  was  evaluated  in 
a  high-drag,  ATC  configuration. 

The  effect  of  increased  power  available  on  Mi-28  performance  is  shown  in 
Figure  28.  The  improvement  in  ROC  is  Just  as  expected,  matching  the  basic 
trend  of  the  other  aircraft  and  the  baseline  Phase  I  study.  However,  an 
offset  still  remains,  indicating  a  lower  climb  efficiency  chan  most  of  the 
other  helicopters. 

60-Knot  Steady  Turn 

Maneuver :  The  bucket-speed  level  turn  is  a  critical  tactical  maneuver,  both 
for  air-to-air  and  air-to-ground  missions,  and  should  be  a  critical  design 
parameter. 

Constraints  This  is  a  "static"  maneuver,  flown  coordinated  at  both  constant 
altitude  and  constant  airspeed 
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Figure  27,  80-Knot  Cl  Lab  Swury  Chert 
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Figure  28.  Effect  of  Increaaed  Power  on  Hi-28  80-Knot 
Steady  Climb 
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Fundamental  _Faraaeter  and  MCE:  This  mid-speed  ateady  turn  la  dependent  on 
both  rotor  thrust  capability  and  on  excass  power  available.  The  fundamental 
parameter  is  power  loading  over  blade  loading.  Power  loading  was  defined  as 
main  rotor  power  available  at  80  knots  divided  by  gross  weight  while  the  blade 
loading  was  defined  non-dimensionally  as  2  C^/cr  in  hover.  The  MOE  was  maximum 
load  factor  achieved 

Simulation  Results:  The  simulation  results  are  shown  in  Figure  29.  Five  of 
the  ten  aircraft  trend  well  and  match  the  M/A  Ph«se  I  baseline  data.  The 
AH-1S  and  AACT  BLACK  HAWK  are  somewhat  better  while  the  Dauphin,  Mi-28iand 
CH-53E  are  worse.  In  all  cases,  the  load  factor  capability  waa  power  limited. 

The  results  of  the  Mi-28  parametric  study  (Figure  30)  are  very  revealing.  A 
9-percent  increase  in  power  available  only  improves  the  load  factor  capability 
by  O.Oig,  while  a  20-percent  increase  produces  only  0.07g.  This  is  clearly  an 
indication  of  rotor  stall  and  shows  that  at  80  knots  rotor  thrust  capability 
begins  to  have  a  significant  effect  on  the  maneuvers.  In  other  words,  the 
thrust  capability  and  power  available  need  to  mctch.  An  excess  of  either  is 
not  beneficial  to  this  maneuver 

80-Knot  Decelerating  Turn 

Maneuver :  The  decelerating  turn  is  very  important  in  olr-to-air  combat. 
Ba.-.ically.  it  utilizes  the  kinetic  energy  of  the  aircraft  to  improve  turn 
capability.  The  maneuver  is  entered  at  mid  to  high  speeds  with  the  objective 
of  turning  as  quickly  as  possible,  without  regard  for  the  exit  speed.  Cnee 
the  turn  is  entered,  the  rotor  angle-of-attack  ia  increased  while  collective 
pitch  is  lowered,  putting  the  rotnr  in  an  autorotative  state  to  capitalize  on 
the  higher  thrust  that  this  permits 

Constraints :  TL.s  is  a  “static"  maneuver,  done  using  the  trimming  autopilot. 
The  helicopter  was  trimmed  in  a  coordinated  turn  at  80  knots.  The  nose  was 
.aisod  to  provide  deceleration  until  it  re  hed  a  zero  torque  autorotaticn. 
Then  the  bank  angle  was  increased  and  the  ocess  repeated  until  the  rotor 
reached  incipient  stall,  defined  as  having  a  totor  atall  parameter,  bC  /a,  of 
0.00A.  Thus,  the  trimmer  generated  the  highest  turn  rate/decel erat lor?  possi¬ 
ble  with  the  rotnr  simultaneously  in  autororatlon  and  at  its  »tall  boundary. 

Fundamental  Parameter  and  MOE:  The  fundamental  parameter  is  Che  nondimen- 
sional  thrust  margin,  defined  as  the  maximum  C_/o  available  minus  the  level 
flight  trim  value,  divided  by  the  trim  value  Turn  rate  was  used  as  the  MOE. 

Simulation  Results:  The  80-knot  dece 1 erat iiig  turn  results  are  plotted  in 
Figure  3 i .  No  baseline  trend  line  was  available  from  the  M/A  Phase  1  Study. 

,  ,e  data  are  well  collapsed,  showing  that  the  fundamental  parameter  normalizea 
Che  results  properly.  The  CH-52E  does  better  than  expected  while  the  AM- IS  is 
worae .  The  high  disk  loading  of  the  Super  Scallion  ruouires  a  higher  rotor 
anglaof-attack  to  produce  aut  notation  which  improvaa  ita  deceleration 
capability  while  the  AM- IS  shows  the  opposite  effect  due  to  its  low  disk 
loading  The  OH-58A  should  alao  be  below  the  trend,  but  8C  knots  is  well 
above  Its  bucket  speed,  so  It  suffers  a  disproportionate  loss  in  maximum  C^/a 
capabl 1 i cy . 


58 


LOAD  FACTOR  (nz) 


Sea  Level  Standard  Conditions 


Figure  29.  60-Knot  Steady  Turn  Si.— «l~j  Chert 


LOAD  FACTOR  (nz)  ~  n  d. 


POWER  LOADING  /  BLADE  LOADING  -  shp  /  lb 


Figure  30.  Effect  of  locreutd  Power  on  Mi -28  80-Knot  Steady  Turn 
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TURN  RATE  -  degrees  /  second 


Sea  Level  Standard  Conditions 


Figure  31.  80-Knot  Decelerating  Turn  Suaaury  Chart 
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The  Mi  28  parametric  remits  are  shown  ir.  Figure  32.  In  this  maneuver,  the 
rotor  thrust  capability  was  enhanced  by  operation  at  105  percent  rotor  speed. 
The  resulting  increase  in  turn  rate  matches  well  with  the  basic  trend  of  the 
other  helicopters. 

130-Knot  Decelerating  Turn 

Maneuver:  This  maneuver  is  identical  to  the  80  knot  version  except  it  is  done 
at  130  knots. 

Constraints :  This  "static"  maneuver  was  done  in  the  same  manner  as  the  80 
knot  case . 

Fundamental  Parameter  and  MOE:  Theae  are  the  same  as  the  80-knot  decelerating 
turn. 

Simulation  Results:  The  GenHel  data  for  the  130-knot  decelerating  turn  are 
shown  in  Figure  33.  Note  that  the  QH-58A  is  absent  because  it  cannot  perform 
this  maneuver.  Its  maximum  design  level  flight  speed  is  about  120  knots. 

These  data  show  a  well  defined  trend  line,  though  not  as  collapsed  as  the  80 
knot  data.  Again,  the  CH-53E  is  somewhat  above  the  basic  trend  and  the  AH- IS 
below.  The  turn  races  are  much  lower,  typically  one-half  of  the  80  knot 
values.  Tnis  is  due  to  the  decrease  in  rotor  thrust  capability  at  higher 
advance  ratios. 

Operation  of  the  HAVOt  at  105  percent  rotor  speed  (Figure  34)  improves  its 
capabilities  somewhat  more  than  expected.  The  increased  rotor  speed  has  two 
effects.  First  it  increases  the  maximum  CT/c  and  decreases  the  trim  C^/a. 
Secondly,  it  slightly  reduces  the  advance  ratio  and  allows  a  higher  C^/a  to  be 
reached  before  the  stall  limit  is  encountered. 

140-Knot  Pull -up 

Maneuver :  The  high-speed  symmetrical  pull-up  is  tactically  important  for 
situations  where  a  rapid  change  in  altitude  is  required,  such  as  obstacle 
avoidance  escape  from  a  tailing  threat.  The  maneuver  is  limited  by  the 
rotor  thrust  capability  and.  because  of  its  transient  nature,  not  restricted 
by  power  available. 

Constraints :  This  maneuver  was  performed  dynamically  with  the  maneuver 
controller.  The  aircraft  had  to  remain  wings -level,  maintain  heading  and  not 
exceed  a  rotor  stall  parameter  of  0.0125,  representing  deep  stall.  Power  re¬ 
quired  could  not  exceed  power  available,  but  for  all  aircraft  this  power 
limitation  vm  never  imposed. 
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Figure  33.  130-Knot  Decelerating  Turn  Suaauiry  Chart 
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TURN  RATE  -  deg  fees/ second 


Sea  Level  Standard  Conditions 


Figure  34,  Effect  of  Increased  Rotor  Speed  on  Ki-28  130-Knot  Decelerating  Turn 
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Fundamental  Parameter  and  HOE:  The  fundamental  parameter  for  the  high-speed 
pull-up  was  the  normalized  thrust  margin,  the  same  parameter  used  for  the 
decelerating  turns.  In  this  case,  of  course,  the  C^/a  values  were  calculated 
for  140  knots.  The  maximum  load  factor  achieved  was  the  obvious  MOE. 

Simulation  Results:  The  results  of  the  140-knot  pull-up  are  shown  in  Figure 
35.  Again,  the  0H-58A  is  not  present  because  it  cannot  do  this  maneuver.  The 
data  points  are  well  trended  and  closely  match  the  M/A  Phase  I  study  result. 
The  AH-1S,  however,  is  well  below  the  expected  value  because  it  hits  the  rotor 
stall  boundary  sooner  than  expected. 

The  Mi-28  does  slightly  better  than  expected  at  105  percent  rotor  speed 
(Figure  36).  This  is  due  to  the  reduction  in  advance  ratio  and  consequent 
improvement  in  rotor  stall  capability  as  noted  in  the  decelerating  turn 
discuss  ion . 

13Q_-_De&ree  Hover  Turn 

Maneuver :  The  ability  to  perform  a  hover  turn  quickly  and  to  come  to  l 
desired  heading  with  little  overshoot  is  very  important  for  both  targeting  and 
attack.  It  requires  both  high  control  power  (acceleration)  and  high  damping. 
This  maneuver  is  made  with  the  pedals  and  is  essentially  independent  of  main 
rotor  attributes. 

Constraints :  This  was  a  "dynamic"  maneuver.  The  helicopter  had  to  remain  In 
position  at  constant  altitude  and  turn  exactly  180  degrees  with  no  overshoot. 
Pilot  experience  dictated  a  limit  on  yaw  rate  of  60  degrees  per  second,  since 
values  above  this  limit  make  it  difficult  to  stop  on  a  desired  heading  without 
excessive  overshoot.  Since  CenHel  uses  a  Bailey-type  tail  rotor  model,  the 
tail  rotor  C  /a  was  arbitrarily  limited  to  0.14.  For  the  Dauphin,  the 
Fenestron  thrust  was  calculated  using  Sikorsky's  existing  Fan  Tail  model  which 
properly  accounts  for  the  augmentation  due  to  the  duct. 

Fundamental  Parameter  and  MOE:  In  the  original  Phase  1  Study,  the  fundamental 
parameter  was  tail  rotor  solidity.  For  the  wide  variety  of  aircraft  in  this 
effort,  the  fundamental  parameter  was  defined  as  the  theoretical  yaw  accelera¬ 
tion  capability.  This  was  calculated  by  assuming  a  maximum  C  /a  capability  ot 
0.14,  calculating  the  maximum  static  thrust  available,  subtracting  tha  thrust 
required  for  hover,  and  calculating  the  residual  yaw  acceleration  available. 
The  measure-of -effectiveness  was  the  time  required  to  make  the  180-degree 
turn. 
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Flgur*  35.  140-Knot  Pull-Up  Sv^mary  Chart 


67 


MAXIMUM  LOAD  FACTOR  (Nz)  -  n.  d 


(Ct  /  sigma  max  -  Cl  /  siQma  trim)  /  Cl  /  s^ma  tnm  ~n  d. 


Figure  36.  Effect  of  Iocreeeed  Kotor  Speed 
on  Hi -28  140 -Knot  Pull -Up 
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Simulation  Results  Figure  37  shows  the  simulation  results  Surprisingly, 
the  times  to  turn  were  all  very  similar  and  relatively  insensitive  to  the 
fundamental  parameter.  The  reason  for  this  was  the  presence  of  the  yaw  rate 
limit.  Helicopters  with  more  acceleration  capability  could  not  use  it  since 
they  simply  ran  into  the  rate  limit  sooner.  The  excessive  time  for  the  CH-53E 
reflects  a  thrust  limit  on  the  tail  rotor  below  the  0.14  C^/a  assumed  by  the 
fundamental  parameter. 

The  effect  of  yaw  inertia  on  the  HAVOC  hover  turn  is  presented  in  Figure  38. 
Inertia  was  varied  by  10  percent  above  and  below  the  baseline  value.  This 
resulted  in  a  change  in  the  hover  turn  time  of  about  1/4  second  in  each  case. 

DISCUSS!  ’  OF  RESULTS  FOR  EACH  AIRCRAFT 

Overall,  the  UH-60A  and  AH-64A  at  their  light  weights  had  the  most  consistent¬ 
ly  good  maneuvers.  Adding  a  ton  to  each  helicopter  to  bring  them  to  their 
high  gross  weight  configurations  significantly  reduced  the  maneuver  results. 
The  CH-53E  did  surprisingly  well  for  such  a  large  aircraft,  but  recall  that  it 
was  flown  at  a  mid-weight  and  at  105  percent  rotor  speed.  The  two  civil 
aircraft,  the  SA-365N  and  S-76,  in  general  did  poorly.  Both  have  high  power 
loadings  which  significantly  affecced  the  maneuver  results.  The  older  genera¬ 
tion  military  hellcopcers,  AH-1S  and  OH-58A,  tended  to  fall  between  the  civil 
aircraft  and  the  modern  military  ones.  The  Mi-28  did  not  do  as  well  as 
expected  This  is  due  basically  to  the  high  weight/high  drag  configuration 
that  was  evaluated.  The  analytical  study  in  Appendix  L  shows  that  a  lighter 
weight  HAVOC  could  have  maneuver  capabilities  comparable  to  the  AH-64A  and 
UH-60A. 


Overall,  the  fundamental  parameter  charts  worked  very  well.  They  collapsed 
the  maneuver  results  from  this  wide  variety  of  aircraft  and  are  useful  in 
predicting  the  effect  of  parametric  changes  on  the  maneuver  results.  It  is 
clear,  however,  that  the  presence  of  reasonable  operational  limitations  can 
have  a  strong  effect  on  the  maneuvers.  While  the  fundamental  parameter  plots 
provide  a  useful  guide  to  the  capability  of  an  aircraft  or  design,  the  actual 
maneuver  results  can  onlv  be  determined  by  flying  the  CenHel  simulation 
(or  an  equivalent  simulation)  through  the  maneuver. 
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Flgura  37.  160-Dagraa  Hcnrar  Turn  Si 
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Figure  38.  Effect  of  Yew  Inertia  on  Ml- 28  180-Degree  Mover  Turn 
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AACT  DATA  ANALYSIS 


INTRODUCTION 

This  section  of  the  report  discusses  the  analysis  of  the  air-to-air  combat 
flight  test  date.  These  data  were  supplied  by  the  U.S.  Army  and  covered 
one-on-one  engagements  between  a  variety  of  helicopters.  Sikorsky  conducted 
an  analysis  to  determine  when  firing  opportunities  occurred  and  an  evaluation 
of  the  maneuvering  thet  took  place  in  each  engagement  relevant  to  these  firing 
opportunities.  The  basic  methodology  was  .o  develop  software  which  would 
synthesize  the  view  out  of  each  cockpit  during  the  engagements.  This  was  « 

coupled  with  a  firing  window  analysis  code  which  calculeted  the  range  and 
boresight  angular  error  between  the  aircraft.  These  firing  window  data  were 
superimposed  on  the  cockpit  views.  The  user  could  then  replay  the  engagement, 
note  what  maneuvering  took  place,  and  define  the  times  and  durations  of  the 
firing  opportunities .  Although  the  contract  statement  of  work  only  required 
analysis  of  six  engagements  for  each  pair  of  aircraft,  the  procedure  was  so 
efficient  that  all  59  of  the  engagements  provided  by  the  Army  were  analyzed, 
providing  a  very  comprehensive  data  base. 

Overview  of  Air  Combat  Tests 

Realizing  the  increasing  threat  posed  by  armed  helicopters,  the  U.S.  Army  has 
been  involved  for  many  years  in  a  program  to  assess  the  requirements  for 
air-to-air  combat.  One  phese  of  this  program  has  been  conducting  dissimilar 
air  combat  tests  between  various  state-of-the-art  helicopters  (Reference  5). 

These  tests  simulated  the  air-to-air  combat  that  could  arise  from  a  chance 
encounter  between  two  helicopters.  Initial  activities  focused  on  fixed-gun 
engagements  (no  missiles  or  rockets)  but  later  studies  evaluated  turreted 
guns.  These  one-on-one  engagements  were  flown  at  the  Naval  Air  Test  Center 
(NATC)  at  Patuxent  River,  Maryland,  and  were  Intended  both  to  evaluate  the 
maneuverability  and  agility  of  current  helicopters  end  to  assess  future 
requirements  for  this  type  of  mission. 

The  first  series  of  tests,  designated  Alr-to-Alr  Combat  Tests  I  (AACT  I),  was 
flown  in  April  1983  using  a  Bell  OH-58A  and  a  Bell  AH-1S.  This  AACT  developed 
and  validated  tne  techniques  for  obtaining  snd  processing  air  combat  data. 

These  flights  demonstrated  that  tests  of  this  nature  could  be  safely  perform-d  „ 

and  generate  useful  data. 

A  second  series  of  tests,  AACT  II,  was  flown  In  July  1983.  Three  aircraft 
were  Involved:  a  Sikorsky  UH-60A,  a  Sikorsky  S-76A  (In  Its  armed  utility 

version  designated  AUH-76)  and  a  Bell  OH-58A.  The  main  objective  of  AACT  II  ' 

was  to  establish  a  data  base  of  helicopter  M/A  ch nracterlstlcs  for  a  variety 
of  different  designs 

AACT  III.  the  third  series  of  flight  tests,  was  flown  In  December  1984.  The 
following  helicopters  participated:  Hughes  H-530F,  Bell  OH-58A,  Bell  AH-lS 
and  Hesserchaidt -Bolkow-Blohn/Kawasakl  BK-117.  For  this  series  of  tests, 
laser  weapon  simulators  were  fitted  to  the  BK-117  and  H-530F  to  represent 
fixed-forward  2f)am  guns. 
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The  succesa  of  Che  first  three  flight  tests  resulted  in  AACT  IV  being  conduct¬ 
ed  in  April  1987.  Aircreft  utilized  for  this  ectivity  included:  Aerospatiale 
SA-365N1,  McDonnell  Douglas  AH-64A,  Bell  Model  406  Combat  Scout  and  Bell 
AH-1S.  The  B-406  is  similar  to  Che  0H-58D  Advanced  Helicopter  Improvement 
Program  (AHIP)  aircreft  In  having  a  four-blad-d  hingeless  rotor  end  upgraded 
engine.  In  these  flight  tests,  Che  laser  weapon  simulators  were  mounted  on 
the  turrets  of  the  Apache  and  Cobra  to  allow  evaluation  of  Curreted  guns  in 
air-to-air  combat. 

Background 

Once  data  from  the  AACT  flight  tests  were  available,  a  aignificant  data 
analysis  effort  wes  required.  In  the  M/A  Phase  I  study,  several  encountera 
were  analyzed  to  evaluate  maximum  maneuvering  while  achieving  firing  opportu¬ 
nities.  The  process  of  examining  the  AACT  encounter  time  histories  was  very 
laborious.  A  computer  code  was  available  to  calculate  the  distance  between 
the  helicopters  end  the  relative  azimuth  and  elevation  angles.  The  time  steps 
where  ona  aircraft  wes  within  the  firing  window  of  the  other  could  be  deter¬ 
mined  from  these  date.  But,  analysis  of  the  meneuvering  before,  during  and 
efter  the  firing  opportunity  was  performed  manually.  The  engineer  had  to 
inspect  time  history  plots  of  positions,  attitudes,  velocities,  anguler  retes 
and  control  inputs  to  determine  what  each  helicopter  was  doing.  An  eutomated 
method  tor  this  analysis  wes  clearly  needed. 

The  epproach  teken  in  this  study  was  to  develop  software  which  would  allow 
pleybeck  of  Che  AACT  data  on  a  workstation-based  simuletor.  This  allowed  the 
engineer  to  recreate  the  view  out  of  each  cockpit  during  the  engegemsnts .  To 
eid  in  this  enelysis,  a  mode  wes  evailable  to  show  the  overhead  view  of  the 
engagement  or,  in  feet,  the  viaw  of  the  engegement  from  any  fixed  point  in 
combet  spece.  The  analysis  of  the  maneuvers  wes  significantly  enhanced  by 
this  approach. 

SQnvAflE  DEVELOPMENT 

The  software  developed  for  anelysis  of  the  AACT  data  is  shown  schematically  in 
Figure  39.  The  orlginel  data  were  supplied  to  Sikorsky  by  AATD  in  the  form  of 
floppy  disks.  These  data  were  then  read  into  a  conversion  module.  This 
module  broke  the  data  into  separate  files  arranged  by  counter  number.  A 
counter  number  had  been  assigned  to  each  engagement.  The  firing  window 
anelysis  code  and  simulation  softvere  use  different  earth  referenced  coordi¬ 
nates  than  the  AACT  data,  so  two  coordinate  transformations  were  employed  as 
illustrated  in  Figure  40.  The  output  of  the  conversion  module  wee  restruc¬ 
tured  data  files.  These  files,  one  per  counter,  contained  the  data  in  each  of 
the  new  axes  systems  and  the  firing  window  analysis  data.  This  restructured 
data  file  was  then  used  to  drive  the  synthesized  replay  of  ^he  AACT  engage¬ 
ments.  In  addition,  a  plotting  routine  was  also  available. 

One  of  the  most  important  aspects  of  this  effort  was  the  validation  of  the 
results  because  cf  the  extensive  manipulation  of  the  data  required.  Within 
the  simulation  module  itself,  evaluetions  were  conducted  to  assure  thet  the 
views  out  of  each  cockpit  and  from  overhead  were  compatible  More  important¬ 
ly.  the  firing  window  data  which  were  separately  derived  from  the  original 
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Flgur*  39.  AACT  Data  frocaaalnf  Chare 
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Figure  40.  Coordinate  4xea  Definition* 
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AACT  Information  war*  compared  with  the  out-of-cockpit  views.  Tha  usar  could 
aasily  confirm  that  tha  viaw  out  of  the  cockpit  and  the  range,  azimuth  and 
alevation  to  target  data  superimposed  on  it  were  compatible.  Extensive 
verification  work  of  this  kind  was  performed  to  assure  that  the  flight  test 
conditions  were  properly  replicated. 

A  detailed  discussion  of  the  software  modules  is  given  below. 

Conversion  Module 

Tha  conversion  module  has  three  functions.  The  first  is  a  reconfiguration 
program  that  reads  the  data  files  supplied  by  the  Army  and  separates  them  into 
distinct  files  by  counter  number.  Tha  saccnd  is  a  coordinate  axis  transforma¬ 
tion  program  to  make  the  AACT  data  compatible  with  tha  NASA  coordinate  system 
used  by  the  firing  window  analysis  and  compatible  with  the  earth-referenced 
coordinate  system  of  simulation  module.  Care  had  to  be  exercised  in  these 
transformations  because  of  the  large  number  cf  360-degree  shift*  in  the  angle 
data.  The  third  function  of  tha  conversion  module  was  to  exercise  a  firing 
opportunity  analysis  code.  This  program  was  originally  developed  in  the  M/A 
Phase  1  study  (Reference  2)  in  the  Speakeasy  language.  For  this  application, 
it  was  converted  to  the  C  programming  language.  This  program  reads  the  test 
data  and  calculates  the  range  in  meters  and  the  azimuth  and  elevation  angles 
in  degrees  betvaan  one  helicopter  and  tha  other  in  the  body  axes  of  tha  first. 
The  final  output  of  the  conversion  module  is  a  restructured  data  file  for  each 
counter  tha:  contains  the  transformed  data  and  the  firing  window  deta. 

Simulation  Module 

The  simulation  module  creates  a  visual  representation  of  th»  engagement.  This 
Silicon  Craphlcs  3130  software  utilizes  high  resolution,  solid-color,  poly¬ 
gonal  computer- generated  Imagery.  In  addition  to  display  of  the  other  heli¬ 
copter,  the  terrain  around  the  Patuxenr  River  Naval  Air  Test  Center  (the  AACT 
test  site)  was  also  modeled.  Two  simulation  playback  modes  were  avallabla. 
The  basic  software  for  these  modes  had  been  developed  previously  under  IR&D 
funds  but  extensive  customizing  was  required  for  this  M/A  study.  Both  modes 
read  the  restructured  dete  file  and  can  replay  the  AACT  engagement  in  slov, 
real,  or  fast  time,  or  frame  by  frame.  One  mode  displays  the  view  out  of  r'na 
cockpit  and  can  be  toggled  from  one  cockpit  to  the  other. 

Digital  data  superimposed  on  the  cockpit  display  Includes: 

Own  Ship  •  airspeed,  altitude,  heading,  sideslip,  bank  angle 

Ocher  Ship  -  relative  azimuth  and  elevation  angles,  resultant  angle, 

airspeed 

Information  •  time,  which  cockpit  this  view,  type  of  view  (slow,  real, 
fast,  frame) 

The  other  mode  allows  a  view  of  both  helicopters  from  any  fixed  oolne  in  the 
combat  space.  Digital  data  superimposed  on  this  display  Includes  time,  firing 
window  data,  and  each  helicopter's  altitude,  airspeed  anJ  sideslip  angle. 
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The  plotting  software  was  a  modification  of  an  existing  program.  The  modlfl- 
cations  allowed  plotting  of  multiple  parameters  psr  page  and  addition  of 
parameter  titlss. 


With  ths  engagement  playback  available,  analysis  of  the  firing  opportunities 
vie  easily  achieved.  Each  encounter  was  viewed  and  as  the  aircraft  moved  into 
poeltion,  the  results  of  ths  firing  window  computation  could  bs  inspected. 
The  firing  window  for  this  study  was  dsfined  as  a  range  lsss  than  1500  msters 
and  azimuth  and  elevation  anglss  less  than  plus  or  minus  thres  degrees.  No 
minimum  time  in  the  firing  window  was  required  befors  "activation"  of  the 
duration  counter.  Detailed  discussion  of  sach  of  the  59  encounters  is 
presented  in  Appendix  J  along  with  a  table  cf  the  Initial  conditions.  The 
encounters  analyzed  wars  divided  among  ths  AACT  data  as  followe: 

AACT  II  UH-60A  vs  S-76A 

Counters  208018  to  208028 

S-76A  vs  OH -58a 
Counters  23020  to  23038 

UH-60A  vs  OH- 58A 
Counters  27026  to  27043 

AACT  III  AH- IS  vs  OH -58A 

Counters  302013  to  302021 

AACT  IV  AH-64A  vs  SA-356N 

(AH -64A  fixsd  gun) 

Countere  411009  to  411023 

AH-64A  vs  SA-365N 
(AH -64a  turreted  gun) 

Counters  417001  to  417012 

The  engagement  counter  nuabsrs  ars  principally  used  for  AACT  data  baes  acccee. 
They  are  five  or  six  digit  numbers  encoded  with  the  following  Information: 

Firet  Digit  -  AACT  number 

27027  -  AACT  II 
417001  -  AACT  IV 

Second,  Third  Digit  -  Flight  numbsr 

22027  -  Flight  #7 
412001  -  Flight  |17 

Last  Three  Dlglte  -  Engagement  number 

27027  -  Engagement  #27 
417QQ1  -  Engagement  #1 


While  the  detail#  of  the  Individual  engagements  are  presented  In  Appendix  J, 
•one  overall  comment#  on  the  engagements  can  be  mada  and  are  preaented  below. 

UH-6QA_vj._S-.76A 

Thee#  teate  were  dletlngulshed  by  very  extensive  maneuvering  of  eech  elrcreft. 
Bank  englee  of  over  90  degrees  were  achieved  by  both  helicoptere.  Unbanked, 
or  pedal  turns  were  also  ueed  frequently.  The  BLACK  HAWK  bed  the  most  firing 
opportunities  due  to  Its  lower  power  loading. 

UH-6QA  vs  GH-StiA 

These  teats  consisted  mainly  of  tall  chases  and  S-tums  with  the  UH-60A  In  the 
dominant  position  most  of  the  time.  The  BLACK  HAWK  frequently  has  bank  angles 
of  near  90  degraea  and  In  one  encounter  makes  e  S2-dagree  left  bank  angle  to 
gain  position  on  the  Kiowa.  The  0H-S8A  maneuver#  were  restricted  to  bank 
angles  of  60  degrees  or  lees.  The  lower  power  loading  and  higher  maneuver¬ 
ability  of  the  UH-60A  allowed  It  to  dominate  the  engagements. 

S-76A  v»  QH-58A 

These  encounter#  featured  tight  turn#  and  short  ranges.  Neither  elrcreft  had 
bank  angles  over  60  degrees,  but  the  S-76A  made  extensive  use  of  pedal  turns. 
The  S-76  had  the  largest  number  of  valid  firing  windows. 

AH- IS  vs  0H-5BA 

The  engagements  of  these  two  helicopters  do  not  show  the  very  aggressive 
maneuvering  seen  In  the  previous  pairs.  Several  of  the  encounters  had  one 
aircraft  remain  In  hover  while  the  other  targeted  It.  so  these  are  not  really 
representative  of  air-to-air  combat.  Both  helicopters  made  use  of  pedal  turns 
to  try  and  gain  an  advantage. 

SA  - 365N-.VS  AH-64A  (fixed  sun) 

The  Dauphin  frequently  made  uee  of  mid- speed  pedal  turns  to  target  the  Apache. 
The  Apache  wee  able  to  uee  ite  lower  power  loading  to  gain  altitude  over  the 
SA-365N,  but  this  did  not  naceaearlly  give  It  firing  opportunitlee  on  the 
Dauphin.  In  one  care  the  encounter  wae  Initialized  with  the  Apeche  on  the 
tall  of  the  Dauphin,  but  neither  aircraft  achieved  any  firing  opportunities. 
On  the  other  hand,  when  the  ecenarlo  wae  Initialised  with  the  SA-365N  on  the 
tall  of  the  AH-UA,  the  Dauphin  got  e  firing  window  ae  the  Apeche  rrled  to 
turn  In  on  it. 

The  original  AH-64A/SA-365N  date  supplied  by  the  Army  Inadvertently  covered 
engagements  where  the  AH-64A  wae  simulating  uee  of  a  turreted  gun  In  elr-to- 
alr  combat.  These  data  were  analyzed  for  fixed  sun  firing  opportunities 
before  the  error  wae  discovered.  A  review  of  the  maneuvering  sequences  shows 
that  they  were  similar  to  the  fixed  gun  engagements  with  the  SA-365N  using 
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pedal  turns  to  gain  advantage  and  the  Apeche  making  use  of  Its  better  climb 
capability.  However,  since  the  Apache  was  simulating  the  use  of  a  turreted 
gun,  there  was  no  requirement  for  the  pilot  to  aggressively  drive  his  attitude 
towerd  bores ight  alignment  with  the  Deuphln.  Data  for  these  cases  are 
provided  since  the  analysis  wes  done,  but  they  were  not  used  in  the 
correlation  etudy  and  no  conclusions  should  be  drewn  from  them. 

Firing  Opportunities.  Analysis 

The  mathematical  firing  opportunities  that  occurred  in  the  59  encounters 
analyzed  are  summarized  in  Table  6.  The  columns  in  Table  6  are  numbered  at 
the  bottom  for  the  purpose  of  identifying  the  data  as  explained  in  the 
following  paragraphs: 

Column  1  lists  the  helicopters  involved  and  counter  numbers  of  the  AACT  flight 
test  data  files  for  each  scenario  where  the  helicopter  number  is  used  for 
identification  in  subsequent  data  entries  of  the  cable.  Column  2  ie  the 
length  of  the  encounter  to  the  nearest  second. 

Column  3.1  lists  the  minimum  vector  value  of  the  azimuth  and  elevation  angles 
from  the  body  reference  axle  of  helicopter  1  to  the  center  of  helicopter  2. 
The  azimuth  and  elevation  angles  are  tabulated  In  column  3.2.  All  angles  are 
In  degrees.  Column  3.3  la  the  range  between  Che  two  helicopters  in  alters  at 
Che  same  time  step  as  the  date  of  columns  3.1  and  3.2. 

Coluuna  4.1,  4.2  and  4.3  are  the  earns  data  definitions  as  3.1,  3.2  and  3.3 
except  that  Che  frame  of  reference  is  from  the  body  reference  axle  of 
helicopter  2  to  the  center  of  helicopter  1. 

Columns  5.1,  5.2,  5.3,  and  5.4  list  data  for  the  geometric  firing  windows  that 
are  leaa  chan  or  equal  to  ±1  degrees  in  both  azimuth  and  elevation  angles. 
The  slnlaum  azimuth  and  elevation  angles  for  the  lees  than  or  equal  to  ±3 
degree  azimuth  ar.d  elevation  burets  are  Hated  in  column  5.2.  The  first  entry 
of  column  5.3  la  Che  number  of  else  scape  Chat  the  azimuth  and  elevation 
angles  ere  less  than  or  equal  to  ±3  degrees.  One  time  step  is  equal  to  .1 
second  for  all  the  data  evaluated.  The  second  data  entry  of  column  5  3  is  the 
starting  time  of  the  firing  window. 

Column  6  la  the  minimum  range  for  the  entire  flight  sequence.  Column*  7.1  and 
7.2  are  the  maximum  bank  angles  for  helicopters  1  and  2,  respectively. 

gut-.Ql  -XctlalL  JLitai 

Figures  41  through  46  present  out-of-cockpit  views  of  selected  engagement* 
from  each  of  the  5  helicopter  pairs.  Each  of  thee*  views  had  pertinent 
Information  superimposed  over  the  diaplay  as  shown  In  Figure  47.  For  view* 
from  other  locations  In  combat  apace,  data  on  both  aircraft  were  provided  as 
shown  in  Figure  48. 
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TABLE  6.  AACT  FIRING  WINDOW  ANALYSIS  SUMMARY  (cont'd) 
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The  criteria  for  choosing  the  engagement  presented  was,  in  order  of  prefer¬ 
ence,  a  scenario  with  the  most  accurate  1-degree  firing  window,  a  sequence 
which  had  the  longeet  1-degree  firing  window  duration,  or  the  ecenerlo  with 
the  closest  range  during  its  firing  window.  Thus  the  engegement  chosen 
represents  the  best  firing  opportunities  for  eac.i  helicopter  pelr . 

The  flight  scenario  counters  chosen  were  208019,  102014,  417001,  411011, 
23038,  and  :?7026. 

For  the  S/6  versus  the  UH-60A  scenarios,  flight  sequence  counter  208019  was 
the  clear  choice.  The  only  other  possible  candidate,  counter  20827,  had  • 
firing  window  of  only  .1  second  In  duration  (Flgura  41). 

For  the  AH-1S  versus  the  0H-58A  sat  of  scenarios,  the  flight  sequence  choice 
was  counter  302014.  Although  this  flight  sequence  only  had  a  .2- second  3~ 
degree  duration  firing  window,  the  only  other  possible  candidate  flight 
sequence,  counter  302018,  did  not  Include  a  1-degree  firing  window  during  the 
maneuvering  segment  of  the  er„ageaent  (Figure  42). 

The  AH-64A  vereue  the  SA-365N  turreted  gun  encounters  had  several  candidate 
flight  sequences.  Flight  scenario  counter  417005  was  not  chosen  since  the 
AH-64A  for  reasons  unknown  did  not  maneuver  while  the  SA-365N-1  scored  its 
13  degree  firing  window,  and  flight  sequence  counter  417009  wae  not  chosen 
since  the  13-degree  firing  window  was  ecored  before  the  Initial  paee  of  the 
two  helicopters.  Consequently,  the  final  choice  wae  flight  scenario  counter 
417003  (Figure  43) . 

Fcr  the  AH-64A  vereue  SA- 365N  fixed  gun  engagements,  the  selected  cockpit  view 
wae  counter  411011  .  This  shows  the  two  helicopters  trying  to  turn  In  on  each 
other.  The  Apache  Is  making  a  banked  turn  while  the  Dauphin  haa  pedal 
turned  to  achieve  a  firing  window  (Figure  44). 

The  choice  for  the  beet  flight  sequence  with  a  ±3-degree  firing  window  for  the 
S-76  versus  OH  58a  flight  scenarios  wae  straight  forward  since  the  chosen 
flight  sequence,  counter  23038,  had  a  very  accurate  firing  window.  The  ±3 
degree  firing  window  wae  .0  degree  In  azimuth  and  .2  degree  In  elevation  and 
wae  held  for  1.8  eeconde  (Figure  45). 

For  the  UH-60A  versus  OH-58A  flight  ecenerlos,  the  beet  flight  sequence 
counter  wae  27026.  It  represented  the  most  accurata,  longeet  duration,  and 
cloaeet  range  combination  ±3- degree  firing  window  score.  Several  of  the  other 
encounters  had  more  accurate  and  longer  duration  3- degree  firing  windows  but 
they  occurred  before  the  Initial  pass  of  the  two  helicopters,  and  eo  while 
they  were  calculated,  they  were  net  valid  engagements  (Figure  46). 
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kptt  Display,  Counter  208019 


Figure  42.  Cockpit  Display,  Counter  302014 


Figure  43.  Cockpit  Display,  Counter  417003 
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Figure  A5.  Cockpit  Dlfplijr,  Counter  23038 
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Figure  46.  Cockpit  Display,  Counter  27026 
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Figure  47.  Ovarlayed  Dace  Blocks,  Ouc-of -Cockpit  Vievs 
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SCORINC  AND  RATING  METHODOLOGY 


INTRODUCTION 

This  section  of  the  report  discusses  the  scoring  systems  devleed  for  the 
slmulsted  maneuvers  sr.d  for  the  AACT  engagements.  The  first  part  of  this 
section  will  deal  with  ecorlng  of  the  simulated  maneuver  results.  This  will 
Include  derivation  of  weighting  factors  for  air-to-air  (ATA) ,  air-to-ground 
(ATG),  nap-of-the-earth  (N0E)f  end  contours  (CON)  flight  regimes.  With  the 
score  for  each  maneuver  available,  a  M/A  racing  could  be  obrilneu  by  taking 
the  average  of  the  scores  for  all  nine  maneuvers.  The  second  part  of  this 
section  will  cover  the  scoring  for  AACT  engagements  where  a  firing  opportunity 
occurred.  This  scheme  used  the  time  In  the  firing  window,  range  and  angular 
error  to  calculate  points  for  each  engagement.  T.'.e  final  score  was  the  sum  of 
the  points  for  that  aircraft. 

These  M/A  alr-Co-alr  ratinge  and  cha  AACT  scores  were  ueed  as  tha  basis  for 
the  correlation  covered  in  the  next  section  of  this  report. 

SvQRIKi  Q f  m'LAIEP- SAh’ETO.S 

The  method  for  calculating  cha  ecore  for  aach  maneuver  ia  ehown  in  Figure  49. 
For  the  hover  bob-up.  80-knot  steady  turn,  80-knot  steady  climb,  80-  and  130- 
knot  decelarating  turn;  and  140-knot  pull-up,  the  MCE  le  battar  when  It  is 
numerically  higher.  For  theee  cases  a  minimum  acceptable  maneuver  result  and 
a  desired  result  for  a  highly  agile  and  maneuverable  helicopter  were  defined. 
Thasa  minimum  and  desired  results  were  based  on  dlscuesions  with  Slkoreky 
pilots  and  by  reviewing  the  CenHel  maneuver  raeults  thamealvac.  Tha  lntant 
wae  to  scale  the  scores  so  that  moet  of  the  helicopters  would  fall  between  the 
minimum  and  desired  raeults  snd  so  that  tha  daelred  value  would  represent 
future  requirements.  The  mlnlmel  value  wss  assigned  a  score  of  zero  while  the 
desired  value  had  a  score  of  100.  Tha  score  for  the  maneuver  was  linearly 
interpolated  between  cheea  two  values  based  on  the  maneuver  result.  If  tha 
maneuver  HOE  was  less  than  the  minimal  value,  it  wss  given  a  zero  score,  not  a 
negative  one.  On  the  other  hand,  if  the  maneuver  reeult  wee  better  then  the 
desired  vslua,  a  score  greeter  than  100  wss  allowed. 

For  tha  zero  to  80-knot  accelerat lone ,  the  corresponding  decalerat lone  and  cha 
hover  turn,  tha  M0E  wae  time  to  complete  tha  maneuver,  so  a  numerically  lower 
HOE  le  a  better  reeult.  In  thle  case  a  maximum  value  for  the  maneuver  was 
defined  and  given  a  zero  score  with  the  desired  value  again  having  a  ecora  of 
100.  Again,  cha  scores  ware  a  linear  interpolation  between  tha  desired  and 
maximum  valuee.  Tlmee  higher  than  the  maximum  value  ware  aesignad  a  zaro 
score,  but  onae  lower  chan  the  daelred  value  ware  allowed  their  interpolated 
acorae.  Tha  valuee  for  minimum  or  maximum  and  daelred  rasulte  for  each 
maneuver  are  ehown  in  Table  7.  In  addition,  the  ecorlng  aquation  for  each 
maneuver  Is  slso  praeentad. 


HIGHER  M.O.E.  IS  BETTER  {Turn  Rate,  Load  Factor,  etc.) 


SCORE 


wOWER  M.O.E.  IS  BETITR  (time) 


SCORE 


Figure  49.  lUrwuvtr  Scoring  K« the do logy 


TABLE  7.  MANEUVER  SCORINC  EQUATIONS 


MINIMUM 

DESIRED 

MAXIMUM 

SCORINC  EQUATION 

1. 

HOVER  BOB -UP 

500  fpa 

2000  fpa  -  -  - 

S-[ (ROC-500)/1500)*100 

2. 

0  TO  80  KT  ACCEL 

.  -  . 

9  sees 

14  secs 

S-  100  -  [ (T-8)/6)*100 

3. 

80  TO  0  KT  DECEL 

.  .  . 

12  secs 

13  secs 

S-  100  -  ('T-12)/6]*100 

4. 

80  KT  STEADY  CLIMB 

1000  fpm 

4000  fpa  ... 

S- [ ( ROC  - 1 000 ) /3000 ) *100 

5. 

80  KT  STEADY  TURN 

1.6  g'e 

2.6  g-e  -  -  - 

S-[(Nz-1.6)/1.0]*100 

6. 

80  KT  DECEL  TURN 

20  deg/eec 

45  deg/eec  ... 

S-[(PSID-20)/25]*100 

7. 

130  KT  DECEL  TURN 

8  deg/sec 

20  deg/sec  -  -  - 

S-[(PSID-8)/12]*100 

8. 

140  KT  PULL-UP 

1-5  g's 

2.75  g’s  -  -  - 

S-[ (Nz-1 . 5)/l ,25]*100 

9. 

HOVER  TURN 

... 

3.5  secs 

8.0  eece 

S-100- ( (T-3. 5)/4 . 5 ] *100 

It  1*  clear  chat  different  maneuvers  hava  different  lavala  of  Importance, 
depending  on  Che  mleelon.  For  example,  Che  hovar  bob-up  la  noc  very  Important 
In  air-to-air  combat,  but  lc  la  crldcal  In  NOE  flight.  The  M/A  Phaaa  1  scudy 
(Referanca  1)  contained  pilot  ratings  of  each  of  tha  nine  maneuver a  for  four 
dlffaranC  mission  element!  •  alr-co-alr  combaC,  air* to- grt-und  combat,  nap-of- 
tha-aarch  and  contour  flying.  Thaae  ratings  ware  baaed  on  a  poll  of  13  pilots 
and  assigned  a  value  of  1  for  aosc  crldcal,  2  for  aoderately  critical  and  3 
for  least  critical.  The  resulte  are  ehovn  In  Table  S  along  with  a  conversion 
equation  which  changed  these  pilot  ratings  Into  weighting  factors.  The 
weighting  factor  was  scaled  from  zero  to  1.0,  with  1.0  being  most  beneficial 
and  0.0  being  not  Important. 

Overall,  tha  raaulte  look  vary  reasonable.  A  bar  graph  chart  of  tha  resulting 
weighting  factora  Is  shown  In  Figure  50.  Tha  hovar  bob-up,  for  example,  got  a 
weighting  factor  of  0.1  for  ATA  combat,  but  1.0  for  NOE  flying.  Conversely, 
tha  140- knot  pull  up  has  a  weighting  factor  of  0,9  in  ATA  combat  but  only 
0.05  In  NOE  flight. 

By  taking  the  maneuver  scores  and  filtering  them  through  the  weighting  factors, 
an  assessment  of  the  overall  M/A  characteristics  of  the  helicopter  can  be  made 
together  with  Its  capability  In  various  flight  modes. 
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TABLE  8.  M/A  WEIGHTING  FACTORS  DERIVATION 


MISSION 

MANEUVER  ATA  ATG  NOE  CONTOUR 


PR 

UF 

PR 

UF 

PR 

UF 

PR 

UF 

►  ■ 

-  1. 

HOVER  BOB -UP 

2.8 

0.10 

1.8 

0.60 

1.0 

1.00 

2.1 

0.45 

2. 

► 

0  TO  80  KT 

ACCEL 

1.2 

0.90 

1.7 

0.65 

1.4 

0.80 

1.7 

0.65 

.  3. 

80  TO  0  KT 

DECEL 

1.6 

0.70 

1.9 

0.55 

1.4 

0.80 

1.7 

0.65 

4. 

80  KT  CLIMB 

1.3 

0.85 

2.1 

0.45 

2.3 

0.35 

1.5 

0.75 

5. 

80  KT  STEADY 
TURN 

1.6 

0.  70 

2.1 

0.45 

2.5 

0.25 

1.6 

0.70 

6. 

80  KT  DECEL 

TURN 

1.9 

0.55 

1.5 

0.75 

1.7 

0.65 

1.7 

0.65 

7. 

130  KT  DECEL 
TURN 

1.2 

0.  90 

2.0 

0.50 

2.8 

0.10 

1.8 

0.60 

8. 

140  KT  PULL-UP 

1.2 

0.90 

2.0 

0.  50 

2.9 

C .  05 

1.9 

0.55 

9. 

HOVER  TURN 

1.9 

0.55 

1.5 

0.75 

1.0 

1.00 

2.4 

0.30 

PR  -  pilot  rating 
WF  -  weighting  factor 
UF  -  1.00-((PR-1)*  0.50] 
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RELATIVE  WEIGHTING  FACTOR 


MISSION 

ELEMENT 


B  A/A 
g  A/G 

□  NOE 

□  OCNTOUR 


MANEUVER 


Figure  SO.  H/k  Weighting  rector*  Chert 
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Aircraft  Scores  and  Ratings 


The  resulting  M/A  scores  end  ratings  ere  presented  In  Tables  9  to  23.  The 
first  ten  tables  cover  the  eight  aircraft  etudled  with  the  UH-60A  end  AH-64A 
evaluated  at  both  their  AACT  weights  and  their  BDCV.  The  next  five  tables 
cover  the  Hl-28  parametric  study. 

Each  table  provides  a  list  of  the  nine  maneuvers,  the  maneuver  MCE  result  the 
beslc  score  for  that  maneuver  based  on  the  scoring  equations  of  Table  7  end 
the  scores  for  each  of  the  four  mission  elements  calculated  by  using  weighting 
factors  of  Table  8.  For  example,  In  Table  9,  the  ufr-60A  at  Its  AACT  gross 
weight  achieved  2>5  g’.i  in  the  140-knot  pull-up  The  scoring  equation  for 
this  maneuver  Is: 

S  -  [ (Nr  -  1 . J)/l . 25 ]  *  100 

In  this  case  the  UH-60A  gets  e  score  of  76.00  for  this  maneuver. 

The  weighting  fectors  for  the  four  mission  elements  are: 

ATA  -  0.90 
ATC  -  0.50 
NOE  -  0.05 
CON  -  0.55 

As  e  consequence,  the  scores  for  each  of  these  elements  Is  the  beslc  score  of 
76.0  times  the  weighting  factor,  or: 

ATA  0.76  *  0.90  -  68.40 
ATC  -  0.76  *  0.50  -  38  00 
NOE  -  0.76  *  0.05  -  3.80 
CON  -  0.76  *  0.55  -  41.80 

After  the  scores  for  beslc  maneuver  end  the  four  mission  elements  ere  avail¬ 
able  ,  the  ratings  can  be  calculated  by  taking  the  sum  of  the  scores  for  a 

mission  element  end  dividing  by  the  sum  the  weighting  factors.  For  exam¬ 
ple,  the  AACT  UH-60A  has  a  total  score  of  400.45  for  the  ATA  element,  the  sum 
of  the  ATA  weighting  fectors  Is  5.20.  so  the  ATA  M/A  rating  Is  (400.45/5.20) 

or  77.01.  The  same  procedure  Is  followed  for  the  beslc  data  and  for  the  other 

mlsalon  elements.  Thus,  the  resulting  M/A  rating  for  the  AACT  UH-6CA  are: 

BASIC  -  77.54 

ATA  -  79.01 

ATC  -  77.01 

NOE  -  76.36 

CON  -  76  99 

Before  proceeding  further.  It  should  be  noted  that  the  M/A  ratings  reflect  the 
results  of  the  simulation  maneuvers  ere  Intended  to  be  estimators  of  each 

aircraft  Intrinsic  maneuverability  and  s£,  llty  characteristics.  These  ratings 
ere  the  result  of  nine  discrete  maneuvers  lovn  with  an  automatic  controller. 
If  any  one  of  the  aircraft  studied  were  to  oe  flown  through  these  same  maneu' 
vers,  the  results  could  be  better  or  worse.  The  computer  simulation  models 
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are  good  replicas  of  Che  helicopters,  but  not  exact.  A  pilot  flying  one  of 
the  maneuvers  might  not  control  the  aircraft  as  precisaly  as  the  automatic 
controllers  in  the  computer  simulation,  but  he  vould  also  not  be  tightly 
limitsd  by  ths  constraints.  The  actual  flight  test  rssults  might  be  slightly 
better  or  worse  then  these  predictions.  In  addition,  ths  Intrinsic  M/A 
characteristics  of  the  helicopter  maks  only  a  oartlal  contribution  to  mission 
success.  Obviously,  pilot  training,  sensor  capability  and  vsapon  lethality 
ars  also  very  important  parts  of  mission  capability. 

The  simulation  rssults  will  bs  discussed  below  on  an  alrcraf t-by-aircraft 
basis . 

UH-6QA  BLACK  HAWK 

The  AACT  weight  BLACK  HAUK  (Table  9)  had  the  bast  overall  results,  with  a 
basic  M/A  r.-tlng  of  77.5  and  ratings  for  the  other  flight  reglmws  that  varied 
from  79.0  for  ATA  to  76.3  in  NOE  flight.  This  helicopter  did  not  necessarily 
have  the  best  results  for  each  mansuver.  Rathsr,  its  capabilities  wsra 
consistently  good  for  all  nine  maneuvers.  This  rssult  can  be  attributed 
primarily  to  the  light  AACT  test  weight.  Whsn  the  BLACK  HAVK  was  evaluated  at 
Its  more  typical  BDCU  of  16,825  pounds,  the  basic  M/A  rating  dropped  to  56.9 
with  a  variation  between  55.9  and  61.3  for  the  various  mission  slsments  as 
shown  In  Tabls  10.  The  BIACK  HAWK  basically  has  both  ample  power  and  an 
excsllsnt  rotor,  so  It  doss  well  et  low,  mid,  and  high  speeds.  Ita  M/A  rating* 
are  vs ry  similar  for  ell  of  ths  four  mission  elements. 

LJM 

Being  e  civil  aircraft,  the  S-76A  ended  up  with  a  35.8  basic  M/A  rating.  This 
hellcoptsr  performed  best  In  hover  snd  at  low  speeds.  For  example,  the  ATA 
rstlng  was  34.8  whlls  the  NOE  rating  was  44.9  as  shown  In  Tabls  11.  The  S-76 
does  fairly  well  at  low  spesds  since  Its  high  power  loading  is  compsnsated  for 
by  the  rslatlvely  low  disk  loading.  At  high  speeds,  howevsr,  the  rotor  thrust 
capability  Is  Inadequate  to  allow  good  mansuver  rssults.  The  rotor  was 
optlmlzsd  for  ths  cruiss  condition  of  a  civil  transport,  not  for  high  eansu- 
vsrabil ity. 

CH-53E  Super  Stallion 

For  this  evaluation,  the  CH-53E  was  flown  at  Its  BDCV  weight  of  56,000  pci'ds 
snd  et  105  percent  rotor  speed.  For  this  configuration,  the  Supe'  St*  .’on 
had  a  M/A  rstlng  of  57.4.  In  ths  contour  regime,  the  score  went  up  ■  o  <j1.8 
while  It  dropped  to  54  0  In  NOE  conditions  as  shown  In  Table  12.  These  era 
mmaikably  good  ratings  for  such  s  lsrgs  aircraft.  However,  If  flown  at  100 
percent  rotor  speed  and  higher  gross  wslghts,  one  would  sxpect  the  scores  to 
be  significantly  reduced  The  Super  Stallion  has  both  a  low  power  losdlng  and 
high  solidity.  The  large  amount  of  powsr  compensates  tor  the  high  disk 
loading  at  low  speeds  while  the  high  solidity  provides  good  thrust  margin  at 
high  speads.  The  reasonably  good  scores  achieved  by  this  large  helicopter 
indicate  that  the  9  maneuvers  chosen  tend  to  emphaslre  maneuverability  rather 
than  agility. 
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AH-64A  Ap&che 

The  AH-64A  (AACT)  scores  and  ratings  are  shown  in  Table  13.  For  the  heavy 
AACT  weight  of  16,222  pounds,  the  basic  M/A  rating  was  48.9,  with  the  best 
flight  condition  being  NOE  where  the  rating  went  up  to  51.4  and  the  worst  for 
contour  flying  where  the  rating  dropped  slightly  to  47.5.  When  flown  at  the 
BDGU  of  14,770  pounds,  the  maneuver  results,  scores  and  ratings  all  improved 
considerably.  The  ratings  were  very  consistent,  with  a  basic  value  of  65.6 
and  an  NOE  rating  of  67.0  while  the  rating  was  64.9  for  cantour  flight.  (Table 
14).  Like  the  BLACK  HAWK,  the  Apache  features  both  ample  power  and  an  excel¬ 
lent  rotor  designed  to  provide  good  maneuverability.  Thus,  the  maneuver 
results  are  good  over  low,  mid,  and  high  speed  regimes.  As  expected,  the 
addition  of  about  1500  pounds  (almost  10  percent  cf  the  gross  weight)  degrades 
the  M/A  ratings  significantly. 

QH-58A  Kiowa 

The  OH-58A  (Table  15)  was  hampered  by  a  maximum  design  level  flight  speed 
limit  of  120  knots.  Thus  it  could  not  perform  cither  the  130-knot  decelerat¬ 
ing  turn  or  the  140-knot  pull-up  and  got  a  zero  score  for  them.  On  the  other 
hand,  it  did  very  well  in  the  hover  bob-up.  Overall,  the  M/A  rating  was  34.9, 
but  the  variation  with  mission  element  was  significant.  The  NOE  rating  was  a 
very  good  48.81  while  ATG  was  37.1.  In  contour  flying,  the  rating  dropped  to 
31.9  and  it  was  a  lower  28.2  in  ATA  as  might  be  expected.  The  Kiowa  has  a 
very  low  disk  loading  and  good  power  loading  (with  420-shp)  so  it  does  well  in 
the  low  speed  regime.  Performance  at  mid-speeds  Is  hampered  by  low  solidity 
and  high  speeds  are  beyond  its  capabilities.  Thus,  It  generates  a  20-point 
spread  In  its  M/A  ratings. 


TABLE  9.  UH-60A  M/A  SCORING  AND  RATING  SUMMARY  (AACT) 


UH  GOA  GW.14.68S  lbs  (AACT) 

- , 

i 

Rel.  HP. 2828 

I 

Menejver  ;  BASIC 

A/A 

A/G 

INCE 

CONTOUR 

Reiult 

_ L 

Score 

Score 

Score 

Maneuver 

i 

I  - 

L  - . J 

1.  Honer  Bob-up'  Met  ROC  (fl/mm) 

3  710 

8067 

S  07 

48  401 

80  67 

2  Accel  Mover  to  SO  k’*  Time  (tec) 

S3, 

95.00 

65  50' 

61  75 

76  00 

61  75 

3  Decet  80  kli  to  Mover  Time  (*ec) 

14 .71 

55.00 

38  SO' 

30  25 

44  00 

35  75 

4.  SO  k!  Steedy  Climb  ROC  (ft/mm) 

368? 

69  40 

75  99- 

40.23 

31  29 

67.05 

S.  SO  kl  Sieedy  Turn  Nr  (a  *) 

2  3' 

70  00 

49  001 

31  SO 

17  50 

49  00 

6  80  kt  Decet  Turn:  Turn  Rate  (de«Me^ 

33  3j 

53  ?C 

29  26 

39  90 

34  58 

34  58 

7,  130  kt  Decel  Turn:  Turn  Rate  (de^'iee 

19  3; 

94.17 

84  75i 

47  06 

*  42 

56  50 

8  140  kt  Pull-up  Mai  Nr  (31) 

2  45' 

76  00 

68  40' 

36  00 

3  80 

41  80 

9  Hover  Turn:  lime  [*ec] 

4  ?! 

84  44 

46  44 

63  33 

25  33 

Totel 

_ L 

697.  SS 

485.91 

400  45 

361  70 

Avg  F*cio*f 

9  COi  6  1  S‘ 

5  00 

5  30 

Ralmg 

77  54 

79  01 

77  01 

76  34 

76  99 

t 
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TABLE  10.  UH-60A  M/A  SCORINC  AMD  RATINC  SUMMARY  (BDCW) 


UH-60A  GW-16.82S  lbs  (BDGW) 

MBHi 

■ 

■  ■ 

Rel.  HP-2828 

_ L 

! 

Maneuvar 

BASIC 

aTa 

A/G 

5CE 

Results 

Score 

Score 

oCOr# 

Score 

Maneuver 

t.  Hover  Bob-up:  Max  RCC  (ft/min) 

1327 

33  08 

55.13 

2t.  81 

2.  Accel  Hover  lo  00  kts;  Time  (sec) 

0.8 

70.00 

63.00|  45.50 

56.00 

45.50 

3.  Decel  80  kis  io  Hover:  Time  (sec] 

13  6' 

51.33 

40.33 

SB. 67 

47.fi? 

4.  80  kt  Steady  Climb:  ROC  (ft/min) 

3022 

67.40 

50. 5S1 

S.  80  kl  Steady  Turn:  Hi  (q'e) 

1.08 

38.00 

26.60)  17,10 

gmm 

6.  80  kl  Decel  Turn:  Turn  Rate  (deq/tec) 

27  60 

15.18 

ns 

17.94 

17  94 

7.  130  kt  Decel  Turn:  Turn  Rate  (deg/sec 

15.1' 

S3  25 

29.58 

5  92 

35  50 

8.  140  kt  Pull-up:  Max  Ni  (q‘s) 

2. OS1 

44.00 

39.601 

22.00 

2.20 

24.20 

9.  Hover  Turn:  Time  (tec) 

4.5 

77.78 

42  78 

77.78 

23  33 

Total 

Si  2.41 

354  54 

296  96 

306.72 

295.10 

9.00 

6.15 

5.20 

5.30 

_  . 

Rating 

56  931 

61  34 

55.87 

TABLE  11.  S-76A  M/A  SCORINC  AND  RATINC  SUMMARY 
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TABLE  12.  CH-53E  M/A  SCORING  AND  RATING  SUMMARY 


CH  53E  GW. 56,000  lb* 


flit.  HP-12339 


Maneuver 


1.  Hover  8ob«up  Max  ROC  (ft/min 


2.  Accel  Hover  to  80  Ms:  Time  (sec 


3.  Oecel  80  Ms  to  Hover:  Time  (sec 


4.  80  M  Sleedy  Climb:  ROC  (tvmin 


5.  80  M  Steady  Turn:  Nz  (q's 


6.  80  kt  Decel  Turn:  Turn  Rate  (deovsec 


H  lltf  MBWagfflBFgP 


8.  >40  kt  Pull-up:  Max  Nr  (g't 


9.  Hover  Turn:  Tim*  (*ec 


A/G 

NS 

CCNlOfl 

Score 

Score 

Score 

T  otal 


Avg.  Facia' 


Ratm 


816.87 


9  00‘ 


57.431 


374  15: 


6.15 


60  84' 


47.67 


49.50 


36.50 


13.95 


49.50 


42.92 


20.00 


0.00 


239.79 


5.20 


55.73 


7.75 


42.90 


8.58 


2.00 


0.00 


269.89 


5  00 


53  98 


0  00 


327.41 


5.30 


61.78 


TABLE  13.  AH-6.-A  M/A  SCORING  AND  RATING  SUMMARY  (AACT) 


AH-64A  GW- 16.222  IP*  I  AACT 


Hef  HP- 2784 


Maneuver 


1.  Hover  Bob-up:  Mex  ROC  (ft/ min 


2  Accel  Hover  to  80  kt*  Time  (*ec 


3  Decel  80  kt*  to  Hover,  Time  (tec) 

4  80  kt  Slevdv  Climb:  ROC  (ft/min) 


5  80  kl  St«edv  Turn  Nr  (O'* 


6  80  kl  Oecel  Turn'  Turn  Rate  (d 


73X31 


KDE 

CONTOfl 

Score 

Score 

251  69 


5  3 


4  7  49 


TABLE  14.  AH* 64A  M/A  SCORING  AND  RATINC  SUMMARY  (BDCV) 


! 


AH-64A  GW.14,770  Ibi  (BDGW) 

Rel.  HP. 2 784 

Man*uv*r 

BASIC 

A'A 

A/G 

5CE 

CONTOUR 

Result 

Scor* 

SCOr* 

Maneuver 

■■  ■ 

■■1 

■ -W 

1 .  Hover  Bob-up:  Max  ROC  (tvrmn) 

14501 

ffMtftTl 

6  33 

38.00 

63  33 

28.50 

2.  Accel  Hover  to  80  Kit:  Tim*  (s*c) 

10.3 

61.67 

55.50 

40.08 

49.33 

40.08 

3.  D*c*l  80  ht*  to  Mover:  Tim*  (s*c) 

13.4 

76  67 

53.67 

42  17 

61.33 

49.83 

4.  80  hi  Si*ady  Climb:  ROC  («/min) 

2948 

55.19 

29.22 

22  73 

48.70 

5.  80  hi  Steady  Turn:  Nz  (o's) 

33.60 

21  60l 

12.00 

33.60 

6.  80  hi  D*c*l  Turn:  Turn  Rat*  (d*q's*c) 

35.1 

33.22 

45.30 

39  26 

39.26 

7.  130  hi  0*c*l  Turn:  Turn  Ral*  rd*y»*c 

18.1 

84.17 

'"75.75 

42  08 

8.42 

50.50 

2.2 

56.00 

30.80 

9  Hov*r  Turn:  Tim*  (sec) 

4  6 

75  56 

K!l]] 

■HZH3 

Total 

590.72 

405.22!  343  12 

334  76 

343.94 

Avq  Factor 

9.00 

■Q«uB 

5  00 

5.30 

Rating 

65.64.  65.89  65  981  66  95 

64  89 

TABLE  15.  OH- 58A  M/A  SCOR1NC  AND  RATINC  SUMMARY 


OH-58A  GW.2.790  Ibl 

— 

R*l  HP»420 

Maneuver 

BASIC 

A/ A 

A/G 

rCE 

CONTOUR 

Resull  Scor* 

Scot* 

Scot* 

Scor* 

Scor* 

Maneuver 

! 

1  Hov*f  Bob-up  M*«  ROC  (tl'rnm) 

1 65C  76  67 

7  47 

46  00 

76  67 

34  50 

2  Accel  Hover  to  B0  hit  Tim#  (sec) 

115 

41  67 

37.50 

27  08 

^EEEB 

■HEED 

3.  D*c#i  60  his  to  Hov*r:  Tim*  (sec) 

16 

33  33 

23  33 

16.33 

■EHS 

MEi 

4  60  hi  Sl*ady  Climb  ROC  (n/mm) 

2195 

39.13 

33  86 

17.93 

13  94 

5  B0  hi  Steady  Turn  Nr  fa  s) 

1  B7 

27.00 

If  90 

12  15 

6  75 

16  90 

26  24  00;  13  20  IB  00 

15  60 

15.60 

7  130  hi  Dec*)  Turn  Turn  Rei*  (d*c/s*c 

0 

0.001  0.00  0  00 

0  00 

0  00 

B  140  hi  Pull  up  Me.  Nr  (g's) 

0 

0.001  0  00 

0  00 

0  00 

0.00 

9  Hov*r  Turrv  Ten*  |t*c) 

4  1 

71.11 

39  11 

53  33 

71.11 

21  33 

T  01*1 

313  61 

_ t?3  57, 

192  63 

244  07 

1 46  96 

A vc  Fedor 

9.00 

&  30 

ixmmm 

34  15  26  22  37  06 

46  61 

31  66 

IDO 


AH-1S  Cobra 


The  AH-1S  performance  vaa  average,  hampered  by  a  high  power  loading.  The 
results,  as  shown  In  Table  16,  are  reasonably  consistent  for  the  various 
flight  conditions.  NOE  Is  best  with  a  rating  of  44.6  while  contour  is  worst 
at  40.9.  A  basic  rating  of  42.4  was  achieved.  In  the  low  speed  regime,  the 
Cobra's  low  disk  loading  was  compromised  by  its  high  power  loading  so  the 
maneuver  results  were  lackluster.  At  high  speeds,  ifll^low  solidity  and 
somewhat  high  blade  -  loading  reduce  its  ability  to  do  well  in  the  Maneuvers . 

SA-J6i>N_DauPulo 

The  Dauphin,  designed  as  a  civil  aircraft,  did  not  receive  very  good  scores  in 
comparison  to  the  other  aircraft  in  the  study.  Its  overall  M/A  rating  was 
36.5,  although  the  NOE  rating  was  47.5  as  shown  in  Table  17,  The  lowest 
score,  35.2,  was  obtained  for  contour  flying.  However,  in  AACT  IV  the  SA-365N 
did  very  well  by  making  use  of  its  large  sideslip  envelope.  This  allowed  it 
to  make  very  quick  mid- speed  pedal  turns.  None  of  the  nine  maneuvers  of  this 
study  evaluated  that  capability.  This  suggests  that  a  large  sideslip  turn 
should  be  added  to  the  maneuver  list.  Overall,  the  Dauphin  was  much  like  tne 
S - 7 6 .  As  a  civil  aircraft,  it  is  optimized  for  the  h!gh-speed  cruise  condi¬ 
tion.  As  a  consequence,  it  has  both  high  disk  loading  and  high  blade  loading 
while  its  power  loading  is  only  average.  The  unique  attribute  of  the  Fene- 
stron  to  allow  high  sideslip  angles  at  high  speed  should  be  noted,  however. 

Ml -28  HAVQC 

The  baseline  HAVOC  (Table  18)  was  flown  at  a  gross  weight  of  22,894  pounds. 
This  weight  was  provided  by  Soviet  delegates  at  the  1°89  Paris  Air  Show  and 
validated  using  existing  Sikorsky  parametric  methods  as  noted  in  Appendix  K. 
The  rotor  tip  speed,  also  provided  by  the  Soviets,  is  a  typically  modern  715 
feet  per  second.  Yaw  inertia  was  estimated  using  the  methodology  outlined  in 
Appendix  C.  The  HAVOC  was  a  solid  mid-pack  aircraft  with  an  overall  M/A 
racing  of  52.3.  The  SOE  rating  was  higher  at  62.8  while  the  ATA  rating  was 
only  50.7. 

Parametrically,  increasing  Dover  improved  the  ratings  as  shown  in  Tables  19 
and  20.  Increases  of  AO0  and  900  ahp  were  evaluated  for  the  hover  bob-up, 
acceleration  from  hover  to  80  knots,  the  80-knot  steady  cliub  and  80- knot 
steady  turn  The  900  shp  Increase  resulted  in  an  improvement  in  basic  M/A 
racing  from  52.3  to  59.2.  The  NOE  M/A  rating  Improved  by  almost  eight  -'oints 
to  70.1  while  the  ATA  value  improved  by  six  points  to  56.2.  The  inter- •-.'late 
case  of  a  <*00  shp  increase  resulted  in  ratings  between  the  baseline  and  the 
900  shp  case  The  hover  bob-up  showed  a  fairly  linear  variation  with 
increased  power,  as  dia  the  80- knot  climb.  However,  the  80-knot  turn  showed 
clear  evidence  of  rotor  stall,  so  the  increased  power  v.-.s  not  usable. 
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Rotor  speed  ir.crooss  to  105  percent  (Teble  21)  was  »v«lvi»?*d  In  the  80- and  130- 
knot  decelerating  turns  end  the  140-knot  pull-up.  As  might  be  expected,  this 
improved  the  ATA  score  by  6.4  points.  The  ATC  score  showed  less  improvement, 
5.4  points* while  the  NOE  and  contour  scores  increased  by  2.2  snd  5.5  points, 
respectively. 

Varying  yaw  Inertia  by  plus  and  minus  10  percent  changed  the  hover  turn  scores 
significantly.  The  increased  inertia  case  (Table  22)  took  0.23  second  longer 
to  -  *  the  180-degree  turn  and  decreased  the  hover  score  from  66.7  points  to 

61.  For  a  decrease  in  yew  inertia,  the  maneuver  score  improved  to  72.2 
points  as  a  result  of  a  .25  second  improvement  in  the  time  to  turn  (Tsble  23). 
However,  since  the  M/A  rating  Is  the  average  of  all  nine  maneuvers,  thasa 
significant  changes  in  Che  hover  cum  score  only  change  the  M/A  racing 
slightly.  The  increasa  inartla  case  reduces  the  basic  rating  by  0.6  point 
and  the  decreased  yaw  inertia  case  only  incresses  it  by  the  same  amount. 

The  baseline  HAVOC  at  22,894  pounds  is  average  in  its  disk  loading,  blade 
loading  and  power  loading.  As  a  consequence  it  tends  Co  gat  good  scores  over 
the  whole  speed  range,  but  not  high  ones.  The  only  exception  was  the  decelera¬ 
tion  from  80  knots  to  hover  where  Its  high  drag  and  relatively  high  disk 
loading  gave  It  a  score  of  115. 

After  the  parametric  study  was  completed,  Sikorsky  pilots  reviewed  a  copy  of 
the  daca.  They  noted  that  the  weight  of  22,984  pounds  represented  a  high 
weight,  air-to-ground  configuration  for  the  HAVOC  and  that  It  could  fly  an 
air-to-air  mission  at  a  much  lighter  weight.  A  weight  analysis,  discussed  in 
Appendix  K,  Indicated  Chat  an  alr-Co-alr  configuration  would  have  a  gross 
walght  of  around  20,000  pounds.  Time  was  not  available  to  run  a  full  set  of 

GenHel  maneuvers  at  this  lighter  weight,  but  a  empirically  based  estimate  of 

M/A  ratings  was  mede  and  Is  presented  In  Appendix  L. 

Concluding.  Observations 

Overall,  the  first  observation  to  emerge  from  these  results  Is  that  each 
aircraft  possesses  Its  own  "signature"  of  characteristics .  Secondly,  the  use 
of  simple  parameters  like  disk  loading  or  blade  loading  can  give  Insight  to 
the  maneuver  results,  but  not  predict  them.  The  modern  Army  helicopters 
(UH-60A,  AH- 64a)  designed  with  ample  power  Co  provide  altitude  capability  and 
with  good  maneuverability  do  very  well  In  this  study,  as  expacted.  Tha  civil 
alrcrat:  'S-76A,  SA-365N)  do  very  poorly  as  they  were  optimised  for  high  speed 
cruise  and  not  for  maneuverability.  The  :>lder  generation  of  Army  helicopters 
(OH- 58A ,  AH- IS)  tended  to  fall  between  the  first  two.  The  CH-53E  does  surpris¬ 
ingly  wall  but  It  wae  flown  at  a  moderate  weight  and  at  105  percent  rotor 

speed.  The  fact  thet  the  Super  Stelllon  does  well  Is  an  Indication  that  the  9 

selected  maneuvers  emphasize  maneuverability  ovar  agility.  The  Ml-28  at 
22.984  pounds  Is  only  a  fair  petformer.  In  all  cases,  a  significant  reduction 
In  gross  weight  leads  to  significant  Improvement  In  the  M/A  s* ores. 


TABLE  16.  AH -IS  M/A  SCORING  AND  RATING  SUMMARY 


AH-1S  GW-9.620  lb* 

Ref.  HP-1290 

M::  I  I  ■ 

■  M  ■ 

Maneuver 

IaTg 

7CE 

Result 

Score 

Score 

Score 

Score 

Maneuver 

■ 

1.  Hover  Bob-up:  Max  ROC  (ft/min) 

776 

18.40 

1.84 

11.04 

18  40 

8  28 

2.  Accel  Mover  to  80  kt*:  Time  (*ec) 

12 

33.33 

30.00 

21.67 

3.  Decel  80  to*  lo  Hover:  Time  (sac) 

13  5 

75.00 

52.50 

KEI 

48.75| 

4.  8C  kt  Steady  Climb.  ROC  (ft/min) 

2127 

- 3^57 

31.93 

5  80  kl  Steady  Turn:  Nz  (g'») 

1.89 

29  00 

20.30 

13.05 

7.25 

20.30 

6.  80  kt  Decel  Turn:  Turn  Rate  (deg/sec) 

27 

28.00 

IS. 40 

18.20 

7.  130  kt  Decel  Turn:  Turn  Rate  (deg/sec 

12.15 

mam 

20.75 

8.  140  kl  Pull-up:  Max  Nz  (g'$) 

MS 

52.00 

■EXE 

28.60 

9  Hover  Turn:  Time  (sec) 

4.7 

73  33 

40.33 

55.00 

73.33 

22.00 

Total 

381  22 

270.23 

223  20 

223.06 

216.72 

^KEE 

6  151 

5.20 

5  00 

5  30 

l 

wmtiin 

43  94 

42  97 

(.  44  61, 

40  89 

TABLE  17.  SA-365N  M/A  SCORING  AND  RATING  SUMMARY 


SA-365N-1  GW-8,750  lbs 

w&t&ti-am 

■ 

■■■ 

■  ■ 

Ret  HP-1372 

i _ . 

■  ■ 

Maneuver 

BASIC 

A/A  1 

A/G 

fCE 

ESSES! 

Result 

Score 

Score 

Score 

cEno^i 

Score 

Maneuver 

i  _ ! _ 

1  Hover  Bob  up  Max  ROC  (firrvn) 

849 

23  27 

2  33 

13  96 

23  27 

10  47 

2.  Accel  Hover  to  80  kt* :  Time  (*ec) 

11.2 

46  67 

42  00| 

30  33 

37  33 

30  33 

3  Decel  80  kts  to  Hover  Time  (sec) 

12  7 

88  33 

61  83 

48  SB 

70  67 

57  42 

4  83  kl  Steedy  Climb  ROC  (tumm) 

2432 

47  7 J 

40.571 

21  48 

16  71 

35  80 

5  80  kl  Steady  Turn.  Nz  (g'») 

1.71 

11  00 

7  70 

4  95 

2  75 

7.70 

6  80  kl  Decel  Turn  Turn  Rale  (degsec) 

21  5 

14  00 

7.70 

10  so 

9  10 

9  10 

7.  130  *1  Decel  Turn.  Turn  Rate  (degsec 

K  5 

21  67 

19  50 

10  83 

2  1  7 

13  00 

8.  140  kl  Pull  up  Max  Nz  (O'*) 

1.5 

0  00 

0  00 

0  00 

0  00  0  00 

9  Hover  Turn-  Time  [sec] 

4  6 

75  56 

41  5€ 

56  67 

75  56 

_ 

Total 

328  22 

223  19 

197  31 

1  237  551  186  49 

Avg  Factor 

9  00 

6  15 

5  20 

5  001  5  30 

Rat.ng 

36  47 

36  29 

37  94 

47  51 

35  19 
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TABLE  18 


HI -28  M/A  SCORING  AND  RATINC  SUMMARY  (BASELINE) 


MI-20  GW- 22,884  Ibt  (Bz  .tline) 

Ret.  HP.  4400 

Maneuver 

BASIC 

A/A 

A/G 

Inch 

CONTOUR 

Result 

Score 

Score 

Score 

Score 

Score 

Maneuver 

1.  Hover  Bob-up:  Max  ROC  (ft/min) 

1400 

60.00 

6.00 

36.00 

60.00 

27.00 

2.  Accel  Hover  io  80  ktt:  1  me  (tec) 

10. S 

S8.33 

62.50 

37.82 

46.67 

37.82 

3.  Decet  80  ktt  lo  Hover:  3, me  (tec) 

11.06 

115.83 

81.08 

63.71 

82.67 

75.28 

4.  80  kt  Steady  Climb:  ROC  (ft/min) 

2467 

48.80 

41.57 

22.01 

17.12 

36.63 

5,  80  kt  Steady  Turn:  Hz  (q't) 

1.83 

23.00 

16.10 

10.351 

5.75 

16.10 

6.  80  kt  Decel  Turn:  Turn  Rale  (deq/tec) 

27.3 

28.20 

16.06 

21.80 

18.88 

18.88 

7.  130  kl  Decel  Turn:  Turn  Rata  (deg/tec 

14.31 

52.58 

47.33 

26.28 

5.26 

31.55 

8.  140  kl  Pull-up:  Max  Nz  (q't) 

1.7' 

16.00 

14.40 

8.00 

0.80 

6.80 

8  Hover  Turn.  Time  (tec) 

5 

66  67 

36  67 

50  00 

66  67 

20.00 

Total 

470.52 

311.70 

276  17 

313  80 

272  31 

Avq.  Factor 

8.00 

6.15 

5  20 

5.00 

5  30 

Rating 

52.2a' 

50.68  53  11 

62.78 

51  38 

TABLE  19.  Mi -28  M/A  SCORINC  AND  RATINC  SUMMARY  (400  ahp  increase) 


Mi-28  GW.22,884  Ibt  (-4J0  thp  ) 

- 1 - 1 - 

Ral.  HP-  4800 

Maneuver 

BASIC 

IaTa 

aTg 

O 

CONTOUR 

Result 

Score 

Score 

Score 

Score 

Score 

Maneuver 

1.  Hover  Bob-up:  Max  ROC  (ft/min) 

1588 

72.53 

7.25 

43  52 

72  53 

32  64 

2  Accel  Hover  to  80  kit  Time  (tec) 

10  23 

62  83 

56.551  40  84 

50  27 

40  84 

3  Decel  80  kit  to  Hover  Time  (tec) 

11.05 

115.83 

81.08 

63  71 

82  67 

75.28 

4  80  kt  Steady  Climb:  ROC  (ft/min) 

2684 

62  80 

53.38 

28  26 

21.88 

47.10 

5.  80  kl  Steady  Turn:  Hz  lo  t) 

1.87 

27.00 

18  80 

12.15 

6  75 

18.80 

6  80  ki  Decel  Turn-  Turn  Rate  (degrtoc) 

27.3 

28.20 

16.06 

21  80 

18  88 

18  88 

7.  130  kt  Decel  Turn:  Turn  Rate  (d  g'tec 

iTTT 

52.58 

47.33 

26  28 

5  26 

31  55 

8  140  kt  Pull-up:  Max  Hz  (g't) 

1.71 

16  00 

14.40 

8  (501 

0  80 

8  80 

8.  Hover  Turn:  Time  (tec) 

51 

66  67 

36 .671  50  00 

66  67 

20  00 

Total 

505  45 

331  62 

234  67 

335  30 

284.10 

Avq  Factor 

8  oo!  6  15 

5  20 

5  00 

5.30 

Rating 

56  16 

53  82 

56  67 

67.18 

55  48 
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TABLE  20.  Ki-28  M/A  SCORING  AND  RATING  SUMMARY  (900  ihp  lncrcut) 


Ml  28  GW. 22.984  tot  (.900  t*i 


Hat.  HP.  5300 


Mantuvar 


1  Hovar  Bob-up:  Mai  ROC  (fomin 


2.  Accal  Hovar  to  80  tot:  'mna  (tac 


3.  Oacal  80  ktt  to  Hovar:  Tima  (tac 


4.  80  kl  Staady  Climb:  ROC  (tt/mm 


5  80  to 


6.  80  to  Dacat  Turn:  Turn  Rata  (dao'tac 


7.  130  kt  Oacal  Turn:  Turn  Rata  idao/taci 


iMB'KvmaiMnmn 


3417 

; _ 

Ksm 

IHBGP 


Factor  ! 


532  721 


9.00 


59  IS 


345  87 


6.151 


56  24 


307  69 


5.20 


59  1  71 


83.53 


46.67 


92.67 


28.20 


7.50 


18  98 


5.26 


0  80 


6C  67 


350.2/ 


5.00 


70  051 


37.59 


37  92 


75.29 


60.43 


21.00 


18  98 


31  55 


8  80 


20  00 


311.55 


5.30 


58  78 


TABLE  21.  Ki-28  M/A  SCORING  AND  RATING  SUMMARY  (105X  Nr) 


Ml. 28  GW.22.964  Ibt  Nr. 105% 


Rjr  HP.  4400 


Manauv-.a 


1  Hcvar  Bob-up  Mai  ROC  (tt/min 


2  Accat  Mcvar  to  80  kit  Tima  Itac 


3  Da  cat  80  ktt  to  Hovar:  Tima  [tac 

4  80  kl  Staady  Climb  ROC  (fvmin 


5.  80  kt  Staady  Turn  Nz  (O'l 


6  tO  kt  Oacal  Turn  Turn  Rata  Id 


/.  130  kl  Oacui  Turn  Turn  Rata 


t  140  kt  Pull- 


9  Hovar  Turn:  Tima  'tac 


14  00'  60  00  6  00 

36  00i 

i  60  001 

!  27  00 

tTSZSI 

LLlm 


1  83 

23  00 

16  10 

10  35) 

30  6 

42  40 

23  32 

31  to 

5  75  16  10 


TABU  22.  1(1*28  M/A  SCORING  AND  RATING  SUMMARY  (+101  Izz) 


MI-28  GW-22.584  lb  (12-74707  tluo-ll‘2) 

R*f.  HP.  4400 

Man*'jv*r 

A/G 

HOE 

I-Tu-AiM 

R*tult 

Scor* 

Scor* 

Scot* 

Scor* 

Scor* 

Maneuver 

— 

1.  Hover  Bob-up:  M*x  ROC  (ft/min) 

1400 

6.00 

36.00 

60.00 

27.00 

2.  Accel  Hover  to  80  kit:  Tim*  (**c) 

10.5 

58.33 

52.50 

37.02 

46  67 

37.02 

3.  D*c*l  60  ktt  to  Hover:  Tim*  (t*c) 

1  os' 

115.83 

81.08 

63.71 

02.67 

75  29 

4.  80  kt  Si*ady  Climb:  ROC  (fl/min) 

48.00 

41.57 

22.01 

17.12 

36.68 

S.  60  kt  St**dy  Turn:  Nx  (q't) 

1  83 

23.00, 

16.10 

10.35 

5.75 

16.10 

6.  80  kl  D*r»t  Turn:  Turn  Rat*  (d*q/**c) 

27.3 

21.00 

18.98 

18.08 

7.  130  kt  D*c*l  Turn:  Turn  Rat*  (d#g/**c 

14.31 

52.58 

47.33 

26.20 

5  26 

31.55 

8.  140  kt  Pull-up'  Mai  Nx  (g't) 

1.7 

6.00 

0  80 

6  80 

9  Hover  Turn:  Tim*  (**c) 

5  23' 

61.56 

33  86 

46.17 

■OE3 

18  <7 

Tot*! 

465  41 

Ksm 

■TO 

270  78 

Avq.  Factor 

0  00 

6.15 

5.20 

5.00 

5  30 

R  Onq 

ot.Fll 

50  23!  52  37 

TABU  23.  Ml -28  M/A  SCORING  AND  RATING  SIMURY  (-101  Izz) 


[Ml-28  GW. 22.084  lb  112-61124  *iug  11*2) 

y 

r~ 

Rat.  HP.  4400 

i  i  ^ 

M*n#uv*r 

A/G 

lisCE 

CONTOUR 

R*»ul1 

Scor*  iScor* 
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SCORING  OF.  MCI  ENCOUNTER 


In  order  to  correlate  the  reeulta  of  the  simulated  maneuver*  to  the  AACT  date* 
a  method  for  acorlng  the  AACT  engagements  waa  required.  The  methodology 
adopted  consisted  of  the  following: 

1)  Use  the  data  of  Table  6  to  select  those  engagements  where  a  firing 
opportunity  occurred. 

2}  Review  these  engagements  to  determine  If  the  firing  opportunities  were 
valid.  As  discussed  below,  there  were  meny  engagements  where  the  mathe¬ 
matical  criteria  for  a  firing  opportunity  were  achieved  but  the  encounter 
was  not  really  valid. 

3)  Assign  points  to  each  valid  firing  opportunity  based  on  range,  angular 
error  and  time  in  the  firing  window. 

A)  Calculate  a  flnsl  score  by  summing  of  all  points  achieved  by  each  air¬ 
craft  during  a  test. 

Selection  cf  Valid  Flrlnt  Opportunities 

A  careful  review  of  the  engr.gement  descriptions  provided  In  Appendix  J  snows 
that  meny  of  the  mathematical  firing  opportunities  were  not  really  valid.  For 
example,  many  engagements  were  Initialized  with  the  two  helicopters  approach¬ 
ing  one  another  on  parallel,  but  offset,  courses.  Frequently,  this  would 
result  In  one  or  even  both  of  the  aircraft  moating  the  firing  window  criteria 
(range  less  than  1500  meters,  angular  error  less  chan  ±  3  degrees)  before  the 
actual  engagement  began.  This,  for  example,  is  the  case  In  counter*  208019, 
208025,  3C2019  and  A17008  of  Table  6.  Other  non-valld  cases  Include  208026 
where  the  S—  76  never  maneuvered  after  passing  the  UH-60A  and  ths  BLACK  HAWK 
turned  and  achieved  an  easy  firing  window,  and  302018  where  the  engagement  had 
Che  AH- IS  in  a  hover  and  the  Apache  simply  approached  while  the  Cobra  ramalned 
stationery.  All  of  thase  type*  of  scenarios  were  delated  from  the  AACT 
scoring  database .  Of  the  59  mathematical  firing  windows  shown  in  Table  6,  27 
were  judged  valid  Ulth  these  limited  firing  oppoi tunltles  available  for 
analysis,  the  database  was  searched  to  find  engagements  where  valid  firing 
opportunities  occurred  with  a  five  degree  window.  Only  four  such  cases  wera 
found.  Another  concern  was  chat  all  of  the  mathematical  firing  windows  were 
very  short,  typically  a  few  tenths  of  a  secono.  Pilot  comments  indicated  a 
feeling  that  the  windows  were  much  longer.  However,  since  there  were  no 
gunflghts  In  these  aircraft,  a  pilot  may  have  been  in  an  excellent  firing 
position  and  had  the  capability  of  staying  In  the  window,  but  the  target  may 
have  been  In  the  mathematical  window  for  only  a  short  time.  Future  AACT  activ¬ 
ities  should  Include  gunsights  and  weapon  emulators  so  the  pilots  can  pre¬ 
cisely  position  themselves  and  get  feedback  on  their  maneuvering,  as  was  done 
In  AACT  IV. 


It  should  be  noted  at  this  point  that  the  data  originally  supplied  by  the 
Government  for  the  AH-64A  versus  SA-365N  vera  for  engegemtnts  where  the  Apache 
was  simulating  use  of  a  turreted  gun  (counters  417001  to  417012).  These  data 
were  analyzed  before  the  alstake  was  discovered.  The  correct  data  for  fixed 
gun  engagements  (counters  411009  to  411023)  were  subsequently  provided  by  the 
Government  and  else  analyzed.  The  resulting  analyses  for  both  data  sets  will 
be  provi  led  herein  for  completeness,  but  only  the  fixed-gun  date  were  used  In 
the  correlation  effort. 

The  final  result  was  31  valid  aathematlcal  firing  opportunities  distributed  as 
follows : 

MCT  II 

S-76A  vs  OH-58A 

6  cases 

UH-60A  vs  OH-58A 

9  cases 

UH-60A  vs  S-76A 

4  cases  +  3  cases  for  a  5- degree  window 

AACl-III 

AH- IS  vs  OH-58A 

1  case  +  1  case  for  a  5-degree  window 

SA  365H  vs  AH-64A  (fixed  gun) 

4  cases 

SA  365N  vs  AH-64A  (turreted  gun) 

3  ecses 


s 


Method  fi£  AasUnlnt  JEfllnSi 

Point*  were  awarded  to  the  attack  aircraft  in  each  valid  firing  opportunity. 
The  method  for  assigning  points  ie  ehovn  in  Figure  51.  The  three  major 
factors  In  the  calculation  are  minimum  range,  minimum  angular  error  and  time 
in  the  firing  window.  It  Is  clear  that  a  large  angular  error  at  long  ranges 
is  much  worse  than  the  same  error  at  short  ranges.  To  assign  points,  the 
"dispersion*  of  the  boreslght  was  calculated  by  taking  the  range  times  the 
angular  error  In  radians.  A  dlsperslcn  coefficient  was  calculated  ae  one 
minus  the  logarithm  of  the  disperelon  divided  by  8.73.  This  ecallng  factor 
wae  set  to  give  a  value  of  one  for  a  range  of  500  metera  and  an  angular  error 
of  one  degree.  A  time  coefficient  wae  defined  as  the  time  in  the  firing 
window  divided  by  two.  The  point  allocation  la  the  dispersion  coefficient 
tlmea  the  time  coefficient  times  100.  Thus,  a  firing  window  for  two  seconds 
at  a  range  of  500  metere  with  an  angular  error  of  one  degree  would  achieve  100 
points.  Shorter  range,  mailer  angular  error  or  longer  time  in  the  window 
would  Increase  the  points  and  visa-versa.  A  points  chart  Is  shown  in  Figure 
52. 

The  aircraft  score  for  each  test  was  the  total  of  lta  points  for  all  of  the 
valid  firing  opportunities. 

MCI  Sc?rc? 

The  AACT  scores  are  summarized  in  Tables  2U  to  29.  Each  table  is  for  one 
helicopter  pair  and  llets  the  counter  numbers,  attack  aircraft,  victim  air¬ 
craft,  time  In  firing  window,  minimum  range  and  minimum  angle  in  firing  window 
and  points  achieved  by  the  attacking  helicopter.  It  ahould  be  noted  that  the 
Initial  conditions  for  the  encounters  could  have  an  impact  on  the  scoring. 
Host  of  the  engagements  were  "neutral",  with  the  aircraft  flying  towards  one 
another  on  parallel,  offset  courees.  However,  In  some  cases,  one  helicopter 
or  the  other  was  given  an  "advantage*  position,  with  the  encounter  Initialized 
with  aircraft  on  the  tail  of  the  other  or  one  aircraft  in  hover  while  the 
other  attacked.  A  table  showing  the  Initial  conditions  for  each  encounter  Is 
provided  In  Appendix  J,  as  are  detailed  discussions  of  each  encounter. 

Some  aircraft  pairs  had  many  'valid*  encounters,  some  had  few  No  effort  was 
made  to  normalize  the  scores  amongst  ell  of  the  pairs.  However,  In  the 
correlation  effort  discussed  below  the  scores  of  each  aircraft  In  e  pelr  were 
normalized  by  the  total  of  beth  aircraft  scores. 

The  results  of  the  AACT  analysis  are  reviewed  below: 

S- 76A  vs  0H-5BA  (Table  2U) 

A  very  uneven  match.  The  Kiowa  had  one  good  window,  getting  29.7  points,  but 
the  S-76  had  five,  including  a  long  well-aimed  on*  that  netted  221.9  points. 
Final  score  was  330  for  the  S-76A  and  29.7  for  the  OH-58A.  Notable  are  the 
close  ranges  and  generally  short  times  of  the  firing  opportunities. 
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EQUATIONS 


Dispersion: 

Dispersion  Cosfficisnts : 
Tim  Cosfficlent: 


D  -  Rings  (■)*  Angle  (dsg)/57.3 
Dc  -  1.0  -  Log  (D/8.73) 

Tc  -  Tine  (secs)/2 


Score  (poinCs)  S  -  Dc  *  Tc  *  100 

EXAMPLE 

Renge  -  870  meters 

Angle  -  1.73  degrees 

Tims  -  0.5  ssrond" 

D  -  870  *  1.73/5.73  -  >  .267 

Dc  -  1.0  -  Log  (26.267/8.73)  -  0.5216 

Tc  -  0.5/2  -  0.25 

S  -  0.5216  *  0.25  *  100  -  13.04  points 


Figure  51.  AACT  Scoring  Methodology 


POINTS  PER  SECOND 


Figur*  52.  AACT  Point*  Chart 


111 


TABLE  24.  AACT  SCORING  SUMMARY 


(S-76A  versus  0H-S8A) 


Counter 

Attack 

Aircraft 

Victim 

Aircraft 

Tine 

(Secs) 

Range 

(a) 

msM 

Score 

(Poi-ts) 

4 

23020 

S-76A 

OH-58A 

0.8 

69 

1.70 

65.2 

* 

23020 

OH-58A 

S-76A 

0.4 

147 

1.11 

29.7 

0 

23021 

-  -76A 

OH-58A 

0.6 

357 

2.21 

24.1 

m 

23021 

S-/6A 

0H-58A 

0.1 

200 

2.45 

5.1 

23032 

S-76A 

OK-58A 

0.2 

86 

2.47 

13.7 

23038 

S-76A 

OH- 58A 

1.8 

34C 

0.20 

221.9 

0H-5CA  TOTAL  POINTS  29.7  j>-76A  TOTAL  FCINIS  339 


VH:.$PA.VS-.QH-5?A  (Table  25) 


Another  very  uneven  match.  Of  nine  windows,  the  Kiowa  only  got  one.  The 
UH-6QA  final  score  of  265. 4  represents  consistent  wins  over  the  30.6  of  the 
OH-58A.  There  was  one.  engagement  with  a  range  of  only  60  meters.  The  OH-58A 
firing  window  was  1.8  seconds  long  but  at  a  long  range  (1139  meters)  so  the 
points  count  was  small. 

W-60A  vs  S-76A  (Table  26) 

In  this  case,  the  BLACK  HAWK  completely  dominated  the  S-76A.  There  were  four 
original  firing  windows  plus  three  more  that  were  just  outside  the  criteria. 
The  UH-60A  was  the  attacker  in  five  of  these,  getting  121  total  points.  The 
S-76A  only  managed  to  get  6.3  points.  One  of  its  windows  was  at  very  long 
range  (1508  meters),  the  other  had  a  large  angular  error  (5  degrees).  Note 
that  if  the  three  additional  data  sets  hed  not  been  added,  the  S-76  score 
would  have  been  zero. 


Ah- IS  vs  OH- 58 A  (Table  27) 

Only  one  regular  firing  opportunity  was  achieved  by  this  pair.  Another  case 
with  a  5. 2 -degree  angular  error  was  added.  Both  involved  the  Cobra  as  the 
attacking  helicopter.  The  AH-1S  received  17.8  points  and  the  OH-58A  received 
none . 


SA-36'^N  vs  AH-64A  (AH-64A  fixed  gun)  (Table  28) 

This  pair  had  four  valid  encounters,  three  won  by  the  Dauphin,  giving  it  a 
score  of  68.7  points  while  the  single  Apache  firing  opportunity  netted  it  34.3 
points.  However,  the  Apache  points  happened  in  an  engagement  where  the 
SA-365N  also  scored  points.  In  fact,  the  aircraft  turned  in-.o  each  other  and 
the  Dauphin  got  a  0.5  second  window  at  334  meters  two  seconds  before  the 
Apache  got  a  0.4  second  window  at  194  meters.  Both  were  counted  for  this 
study,  but  it  could  be  argued  that  since  the  Dauphin  "shot"  first,  the  AH-64A 
firing  opportunity  should  not  be  considered  valid. 


SA-365N  vs  AH -64a  (AH-64A  curreted  gun)  (Table  29) 


Data  for  these  cases  should  not  really  be 
as  fixed-gun  engagements  but  were  flown 
configuration.  Three  firing  windows  were 
by  the  SA-365N.  However,  one  Apache  case 
a  large  angular  error  so  the  Dauphin  got 
pared  to  the  AH-64A  with  la . 1  points. 


considered  since  they  were  analyzed 
with  the  Apache  in  a  turreted-gun 
achieved,  two  by  the  AH-64A  and  one 
was  at  long  range  and  the  other  had 
more  points,  a  score  of  30.6,  corn- 
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TABLE  25.  AACT  SCORING  SUMMARY 


(UH-60A  versus  0H-5SA) 


Counter 

Attack 

Aircraft 

VictU 

Aircraft 

Tlse 

(Secs) 

Range 

'■) 

Angle 

(Deg*) 

Score 

(Points) 

27026 

UH-60A 

0H-58A 

0.5 

115 

0.67 

45.3 

27026 

UH-60A 

OH-58A 

0.4 

139 

2.14 

24.5 

27027 

OH-58A 

UH-60A 

1.8 

1139 

2.01 

30.6 

27027 

UH-60A 

0H-58A 

0.2 

100 

2.24 

13.5 

27027 

UH-60A 

OH-58A 

0.4 

107 

1.10 

32.6 

27034 

UH-60A 

OH-58A 

2.9 

589 

1.91 

94.0 

27036 

UH-60A 

CH-58A 

0.2 

60 

0.54 

21.9 

27037 

UH-60A 

OH-58A 

0.3 

128 

3.18 

16.3 

26038 

UH-60A 

OH-58A 

0.3 

160 

2.20 

17.3 

UH-6QA  TOTAL  POINTS  OH-53A  TOTAL  POINTS  30 .6 
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TABLE  26.  AACT  SCORING  SUMMARY 


(UH-60A  versus  S-76A) 


Counter 

Attack 

Aircraft 

Viet  La 
Aircraft 

Tiae 

(Sees) 

Range 

(■) 

Angle 

(Degs) 

Score 

(Points) 

208027 

UH-60A 

S-76A 

0.8 

1242 

0.89 

26.2 

208027 

UH-60A 

S  -  76A 

0.1 

139 

3.44 

8.35 

208019 

UH-60A 

S  •  7  6A 

0.4 

1467 

1.70 

6.0 

208028 

UH-60A 

S  -  76a 

0.7 

89 

3.4 

42.6 

208020* 

S-76A 

UN-60A 

0.9 

1508 

2.70 

4.0 

208028* 

UN -60A 

S-  76A 

0.7 

60 

4.20 

41.1 

208028* 

S  -  76  a 

UN-60A 

0.5 

810 

5.0 

2.3 

♦Did  not 

meet  firing 

window  criceria 

but  close 

to  boundaries 

1H--6.QA._IQTAL  FOISTS  121.0  S-76A .TOTAL  POINTS _ 6.3 


TABLE  27.  AACT  SCORING 

SUMMARY 

(AH  -  IS  versus  OH-58A) 

Attack 

Viet  la  Tiae 

Range 

Angle 

Score 

Counts r 

Aircraft 

Aircraft  (Secs) 

(■) 

(Degs) 

(Pointe) 

302013* 

AH  -  IS 

OH- 58A  0.4 

377 

5.2 

8.1 

302013 

AH  -  IS 

OH • 58a  0.2 

191 

2.8 

9.'’ 

*Did  not 

aeec  firing 

window  criteria,  but  close 

to  boundari 

es 

AH  15  ISIAL  PC1M5  12 JS  QH-.^A  TOTAL  M.  .Q 


115 


TABLE  28.  AACT  SCORING  SUMMARY 


(AH -64A  (fixed  gun)  versus  SA-365N) 


Counter 

Attack 

Aircraft 

Victia 

Aircraft 

Tiae 

(Secs) 

Range 

(■) 

Angle 

(D«g*) 

Score 

(Points) 

411011 

SA-365N 

AH-64A 

0.2 

59 

1.21 

18.5 

411013 

AH-64A 

SA-365N 

0.4 

194 

0.5 

34.3 

411013 

SA-365N 

AH -64 A 

0.5 

339 

0.67 

33.6 

411023 

SA-365N 

AH-64A 

0.3 

287 

1.34 

16.7 

t&MA  TOTAL  fOIKTS  34.3  SA-365N  TOTAL  POINTS  66.8 


TABLE  29.  AACT  SCORING  SUMMARY 
(AH-64A  (Curreted  gun)  versus  SA-365N) 


Countsr 

Attack 
Aire reft 

Victia 

Aircrsft 

Tin* 

(Secs) 

Range 

(•) 

Angle 

(Dsg*) 

Score 

(Points) 

417003 

AH -64 A 

SA-365N 

0.3 

304 

3.7 

9.7 

417003 

SA-365N 

AH-65A 

0.6 

251 

1.9 

30.6 

417003 

AH-64A 

SA-365N 

0.4 

1162 

2.6 

4.4 

NOTE:  Firing  window* 

based  on  as 

suaption  of  a 

fixed  gun. 

however,  testa 

f  lowr 

siaulating  turrsted  gun  on  the  AH-64A. 


AH -64 A  TOTAL  .DINTS  ..14.1  SA- 3 65N  TOTAL  POINT:  3£L* 
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CORRELATION  OF  M/A. ANALYSIS  TO  AACT  DATA 


DISCUSSION  OF  CORRELATION  METHOD 

The  objective  of  this  part  of  th*-  study  Is  to  compare  results  achieved  by  each 
helicopter  In  the  AACT  tests  with  the  analytically  derived  M/A  ratings.  This 
is  done  In  two  ways.  First,  the  AACT  derived  scoring  Is  compared  directly 
with  the  derived  M/A  ratings.  Where  the  two  ratings  are  vastly  different 
explanations  are  offered.  Secondly,  the  AACT  test  results  are  rationalized 
based  on  a  comparison  of  each  aircraft's  level  of  the  fundamental  design 
parameter. 

The  methodology  used  here  Is  to  compare  the  predicted  ratio  of  successful 
engagements  to  the  actual.  These  successful  engagement  ratios  are  est  sated 
as  follows: 

1.  For  the  predicted  ATA  performance,  the  M/A  ratings  of  the  two  combating 
helicopters  are  simply  added  and  the  success  of  each  Is  taken  as  its  per¬ 
centage  of  the  total.  For  example,  In  the  case  of  the  UH-60A  vs  the  S-76 
(AACT  II)  Che  M/A  rating  of  each  Is 

UH-60A  -  79.0 

S-76A  -  36.8 

113.8 

This  methodology  Implies  that  the  UH-6QA  would  be  expected  to  win  79  out 
of  113.8  encounters  or  69.61.  The  S-76A  would  be  expected  to  win  36.8 
out  of  113.8  or  30.61. 

2  Similarly  for  the  AACT  tescs,  the  total  score  of  each  of  the  two  combat¬ 
ing  helicopters  is  added  to  establish  a  total  potential  score  and  the 
percentage  of  points  each  achieved  of  that  total  is  the  percentage  of 
winning  engagement  expected.  For  example,  as  was  noted  previously  in  the 
S-76A  vs  the  CH-58A  combat,  the  S-76A  received  330  points  whereas  the 
OH-58A  received  89.7.  Therefore,  based  on  these  results,  the  S-76A  was 
successful  330  times  out  of  330  +  89.7  encounters  or  78.61  of  the  time, 
and  conversely  the  OH-58A  was  successful  21.61  of  the  encounters. 

The  actual  winning  engagement  ratios  are  compared  to  the  predicted  wining 
engagement  ratios  to  form  the  basis  of  the  correlation.  These  ratios  from 
both  the  M/A  ratings  and  the  AACT  scores  are  presented  graphically  in  Figures 

53  to  57. 

However,  while  the  M/A  rating  is  based  on  a  direct  comparison  of  each  heli¬ 
copter's  physical  capsbility,  the  AACT  tests  Included  other  factors  which  may 
have  influenced  the  results.  For  example,  pilot  proficiency  or  piloting 
choices  of  maneuvers  may  have  had  some  effect  on  the  firing  window  opportun¬ 
ities  Cockpit  visibility  differences  between  combating  helicopters  could 
also  have  been  a  factor.  Specific  aircraft  maneuvering  limits  which  are 
peculiar  to  each  design,  such  as  attitude  rate  limit  which  do  not  enter  into 
the  M/A  ratings,  could  also  have  Influenced  the  outcome.  The  engagement 
initial  conditions,  the  number  of  engagements  analyzed  with  either  neutral, 
advantaged  or  disadvantaged  set-upsi  and  the  "flgnts  on"  positions  could 


influence  Che  results.  Finally,  Che  requirements  for  safety  and  boundaries  of 
the  combat  airspace  may  also  have  influenced  the  piloting  techniquea  used. 
These  factors  are  noted  here  as  a  reminder  that  the  AACT  test  results  contain 
more  than  just  the  maneuverability  difference  between  each  helicopter. 

RESULTS  OF  THE  CORRELATION 

The  following  paragraphs  detail  the  individual  AACT  test  results  and  correlate 
those  results  with  the  M/A  air-to-air  (ATA)  ratings. 

AACT  II 

There  were  three  combinations  of  combating  pairs  during  AACT  II  testing.  The 
UH-60A  vs  the  OH-58A,  the  S-76A  vs  the  UH-60A,  and  the  S-76A  vs  the  OH-58A. 

S-76A  vs  OH- 58A  (Figure  S3);  The  M/A  ratings  of  these  aircraft  were  similar, 
with  the  S-76A  having  a  slightly  better  rating,  yielding  a  ratio  of  M/A  ATA 
ratings  of  55  to  45  as  shown  in  Table  30.  This  similarity  results  because 
both  aircraft  (see  Table  2)  have  similar  power  and  blade  loadings  and  achieve 
similar  climb  and  load  factor  performance. 

The  AACT  firing  window  scoring  for  these  aircraft  was  quite  different,  how¬ 
ever.  Of  the  six  valid  firing  opportunities,  the  S-76A  got  five  and  the 
CH-58A  got  one,  which  resulted  in  a  score  of  330  for  the  S-76A  and  29.7  for 
the  OH-58A.  Tne  lopsided  scoring  was  dominated  by  one  very  long  well-aimed 
engagement  of  the  S-76A  on  the  OH-58A  which  alone  netted  221.9  points. 

The  correlation  between  the  M/A  predictions  and  the  actual  AACT  tests  is  shown 
in  Table  30.  There  are  two  possible  explanations  for  such  poor  correlation  of 
the  results.  First,  the  S-76A  pilot  flew  more  aggressively  than  the  OH-58A 
pilot,  despite  similar  performance,  as  evidenced  by  the  summary  performance 
usage  charts  shown  in  Reference  5.  Secondly,  the  S-76A  has  significantly  more 
maneuverability  which  is  not  adequately  factored  into  the  M/A  ratings.  For 
example,  the  S-76A  can  fly  to  zero  'g'  and  below  whereas  the  OH-58A  with  its 
teetering  rotor  is  limited  to  +.5g.  Thirdly,  the  ability  to  outtlimb  en 
opponent  was  determined  to  be  a  big  factor  in  achieving  winning  engagements, 
or  moreover  to  defeat  the  adversary's  ability  to  attain  a  firing  opportunity, 
and  even  the  email  advantage  enjoyed  by  the  S-76A  may  have  been  the 
determining  factor  for  the  consistent  wine. 

UH-6QA  vs  OH-58A  (Figure  54);  The  M/A  rating  of  the  UH-60A  is  very  uifferent 
from  that  of  the  OH-58A  -  79  for  the  BLACK  HAWK  and  28  for  the  OH- 58a.  This 
le  due  to  several  factors.  The  UH-60A  has  superior  power  loading  which 
resulted  in  better  climb  and  acceleration  performance.  It  also  had  lower 
blade  loading  so  it  has  a  higher  N  capability  which  results  in  superior  mid 
to  high  speed  turn  rate. 

The  AACT  scoring  for  the  two  aircraft  was  also  quita  different  -  the  UH-60A 
ended  up  with  265.4  points  and  the  OH-58A  with  30.6  points.  As  mentioned  in 
the  AACT  scoring  section,  the  UH-60A  w*  the  successful  combatant  in  eight 
out  of  nine  valid  firing  opportunities. 


TABLE  30  CORRELATION  DATA  SUMMARY 


AIRCRAFT 

PAIR 

M/A  ATA 
RATINCS 

AACT 

SCORES 

M/A  ATA 
PERCENTAGE 

AACT 

PERCENTAGE 

0H-58A 

28.2 

29.7 

44.8 

8.3 

S-76A 

34.8 

330.0 

55.2 

91.7 

OH  -  5  8a 

28.2 

30.6 

26.3 

10.3 

UH-oOA 

79.0 

265.4 

73.7 

89.7 

UH-60A 

79.0 

121.0 

69.4 

95.1 

S-  76A 

34.8 

6.3 

30.6 

4.9 

OH-58A 

28.2 

0.0 

39.1 

0.0 

AH-1S 

43.9 

17.8 

60.9 

100.0 

AH-64A 

48.6 

24.3 

57.2 

33.3 

SA-365N 
(fixed  gun) 

36.3 

68.8 

43.8 

66.7 
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Figura  53.  AACT  Corral  melon  -  S-74A  ▼«  0H-54A 
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RELATIVE  SCORE 


□  OH-58A 

□  UH-80A 


Fijjur*  V* .  AACT  Correlation  •  UH-60A  v«  OH  )tA 
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The  scoring  ratio  comparison  for  theae  two  combating  helicopters  Is  shown  In 
Table  30.  The  M/A  ATA  ratio  correlatea  well  with  the  AACT  test  results.  The 
AACT  score  ratio  actually  shows  the  UH-60A  to  ba  more  dominant  over  the  OH-58A 
than  does  the  M/A  ATA  scoring.  One  explanation  could  be  the  maneuver  advan¬ 
tage  that  the  UH-60A  enjoys  over  the  OH-58A.  Like  the  S-76A  the  UH-60A  haa  an 
advantage  In  attitude  quickness  and  low  ’g’  capability. 

S-76A  vs  UK-60A  (Figure  S 5 3 :  The  M/A  rating  of  the  UH-60A  Is  quite  a  bit 
higher  than  the  S-76A  -  79  for  the  UH-60A  and  35  for  the  S-76A.  This  Is  due 
to  the  Improved  power  loading  and  the  lower  blada  loading  of  the  BLACK  HAWK. 
The  resulting  ratios  glva  the  BLACK  HAWK  a  69  to  31  advantage. 

The  AACT  scoring  shows  the  UH-60A  to  ba  even  more  dominant  than  the  M/A  pre¬ 
dictions.  The  UH-60A  received  a  total  of  121  points  while  the  S-76A  obtained 
only  6.3.  It  appears  that  a  maneuvering  advantage  can  result  In  total  to 
dominance  In  air-to-air  combat.  If  one  helicopter  haa  an  advantage  over 
another  (e.g.,  better  climb  rate,  higher  turn  rate),  the  pilot  uses  that 
advantage,  all  of  the  time  and  this  can  result  in  consistent  wins.  The  M/A 
ratings  reflect  more  of  a  relative  maneuvering  Index. 

OH-58A  vs  AH- IS  (Figure  56) :  The  air-to-air  M/A  rating  for  the  Cobra  Is 
significantly  higher  than  that  of  the  Kiowa,  43.9  to  28  2.  This  results  from 
the  low  design  speed  of  the  OH-58,  which  prevents  it  from  doing  either  the  140- 
knot  pull-up  or  the  130'knot  decelerating  turn. 

Unfortunately,  the  AACT  data  analysis  yielded  only  two  firing  windows,  one 
case  2  degrees  outside  the  3-degree  criteria.  Both  of  these  were  won  by  the 
AH- IS.  However,  review  of  the  AACT  data  shows  that  tht  engagements  were  more 
balance  i  than  the  firing  window  data  would  indicate.  Thus  the  correlation  in 
this  Ci.se  Is  indeterminate. 

SA.--l<j5J?_ya- AH-64A  (fixed  run)  (figure  37):  Tha  M/A  ratings  for  this  pair  are 
also  split  but  not  as  much  as  some  of  the  other  cases.  The  AH-64A  (AACT)  has 
a  48.6  rating  while  the  Dauphin  is  36.3.  17. e  primary  reason  for  this  is  the 
lower  power  loading  of  the  Apache. 

The  AACT  firing  window  analysis  gr nerated  four  cases,  one  won  by  the  AH-64A 
and  three  by  the  SA-3C5N.  Tha  Dauphin  achieved  twice  the  score  of  the  Apache 
(68. 8  to  34.3).  The  reason  for  the  discrepancy  lies  in  the  extensive  use  by 
the  Dauphin  of  pedal  (flat)  turns  which  generated  large  sideslip  angles  at 
bucket  speeds.  Tha  large  sideslip  capability  of  the  Fenestron  allowed  the 
SA-365N  to  regularly  out  turn  the  AH-64A.  The  Apache’s  lower  power  loading 
allowed  it  to  out  climb  the  Dauphin,  but  this  only  allowed  the  AH-64A  to  avoid 
the  Dauphin,  not  to  targat  it  in  thesa  fixed  gun  encounters.  Since  this  large 
slip  capability  was  not  evaluated  in  the  simulated  maneuvers,  tha  Dauphin's 
M/A  rating  does  not  rsflect  this  capability. 


AACT  ACTUAL 


M/A  EST. 


Flgur#  55.  AACT  ComUtlon  -  S-76A  v*  UH-60A 
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AACT  ACTUAL 


M/A  EST 


Figure  57.  AACT  Correlation  -  SA-365N  ve  AH-64A  (fixed  gun) 


Two  major  conclusions  emerge  from  this  correlation.  First,  if  an  aircraft  has 
an  advantage  over  another,  it  can  use  that  advantage  to  win  consistently  even 
though  the  overall  M/A  characteristics  of  the  two  aircraft  may  be  similar. 
Thus  small  differences  in  the  M/A  ratings  or  even  in  maneuver  scores  may  be 
more  significant  than  they  appear.  Secondly,  certain  attributes  important  to 
the  AACT  results  were  not  evaluated  in  the  simulated  maneuvers,  One  of  these 
was  the  ability  to  make  mid- speed  pedal  turns.  This  maneuver  was  used  to  some 
extent  by  all  of  the  helicopters  and  resulted  in  many  of  the  valid  firing 
opportunities.  The  other  attribute  was  quickness,  or  pure  agility.  The  AACT 
results  showed  the  importance  of  this  capability,  but  none  of  the  nine  simulat¬ 
ed  maneuvers  evaluated  pure  agility. 

In  addition,  the  paucity  of  valid  firing  windows  reduces  the  correlation 
validity.  Since  the  helicopters  did  not  have  gunsights,  frequent  cases 
existed  where  the  attacking  helicopter  was  in  good  position  and  had  ample 
control  and  maneuver  capability  to  achieve  the  firing  window,  but  did  not 
actually  get  in  the  window. 


CONCLUSIONS 


1.  Fundamental  parameter  charts  developed  in  M/A  Phase  I  are  applicable  to  a 
wide  variety  of  helicopters.  The  only  exception  is  the  hover  turn  where 
the  fundamental  parameter  was  changed  from  tail  rotor  solidity  to  yaw 
acceleration  capability. 

2.  Modern  combat  helicopters,  such  as  UK-60A  and  AH-64A,  had  better  M/A  than 
either  current  civil  aircraft,  like  S-76A  and  SA-365N,  or  older  military 
aircraft  such  as  AH- IS  and  OH-58A. 

3.  A  methodology  has  been  developed  to  allow  visual  playback  of  AACT  time 
history  data  and  provide  views  out  of  each  cockpit  or  from  any  other 
point  in  the  combat  space.  This  methodology  also  calculates  when  firing 
opportunities  occur  and  is  efficient  enough  that  all  59  encounters 
available  were  analyzed. 

4.  Relatively  few  encounters,  even  at  close  range,  resulted  in  fixed  gun 

fi-ing  opportunities.  Five  aircraft  pairs  were  evaluated  for  a  total  of 
59  one-on-one  engagements.  Only  23  legitimate  firing  opportunities 

occurred  in  all  of  these  data. 

5.  A  methodology  has  been  developed  to  score  the  M/A  maneuvers  and  to 

calculate  an  M/A  rating  based  on  those  scores.  M/A  ratings  can  be 
calculated  for  the  basic  aircraft  and  for  ATA,  ATC,  NOE  and  contour 
mission  elements.  This  methodology  not  only  allows  comparisons  of 
existing  aircraft,  but  provides  quantitative  evaluations  of  the  effects 
of  changes  to  new  designs  or  existing  helicopters. 

6.  A  methodology  for  scoring  the  AACT  firing  opportunities  has  been  devel¬ 
oped.  This  takes  into  account  the  range,  angular  error  and  time  in  the 

firing  window.  It  allows  a  quantitative  comparison  of  the  firing  oppor¬ 
tunities. 

7.  Correlation  of  the  M/A  ratings  and  AACT  scores  was  very  good.  For  four 
of  the  five  aircraft  pairs,  the  aircraft  with  the  higher  M/A  rating  had 
the  highest  AACT  score.  In  the  case  of  the  AH-64A  versus  SA-  365N,  the 
Dauphin  had  a  higher  AACT  score  even  though  it  had  a  lower  M/A  rating. 
Review  of  the  data  indicates  that  the  SA-365N  had  a  very  large  sideslip 
envelope  which  allowed  it  to  make  flat  turns  and  get  more  firing  opportu¬ 
nities  . 

8.  Detailed  and  comprehensive  free  flight  CenHel  simulation  models  of  the 

UH-60A,  S-76A,  CH-53E,  AH-64A,  AH-1S.  OH-58A,  SA-365N  and  Mi-28  are 

available . 

9.  Mi-26  has  only  fair  M/A  characteristics  when  flown  in  its  ATC  configura¬ 
tion  at  a  weight  of  22,984  pounds.  If  evaluated  in  a  ATA  configuration 
at  a  weight  of  20,000  pounds  (a  13-percent  reduction  in  CU)  ,  the  M/A 
rating  could  be  significantly  better. 


127 


R£ 


ATI ON S 


1.  The  maneuver  simulation,  scoring  and  rating  analyses  should  be  extended 
to  cover  different  density  altitudes.  All  of  the  modern  helicopters 
studied  employed  flat-rated  engines  to  provide  them  with  Improved  perfor¬ 
mance  at  altitude.  This  study,  conducted  at  sea  level  standard  condi¬ 
tions,  to  coincide  with  the  AACT  data,  does  not  show  the  benefits  of  such 
flat -rating, 

2.  Additional  helicopters  should  be  added  to  the  study  both  to  increase  the 
analytical  database  and  to  provide  more  data  for  correlation.  Candidate 
helicopters  are: 

a)  UH-60L  -  Current  production  variant  of  the  BLACK  HAWK,  essentially 
identical  to  the  UH-60A  except  for  increase  in  power  and  upgraded 
main  gearbox. 

b)  Mil-2*  HIND  -  Current  Soviet  attack  helicopter.  Analytical  compari¬ 
son  of  this  aircraft  to  current  U.S.  Army  inventory  helicopters 
would  be  valuable. 

c)  Bell  406  Combat  Scout  -  Tested  in  AACT  IV;  evaluation  of  this 
helicopter  would  broaden  the  correlation  database.  In  addition,  it 
provides  a  good  comparison  with  the  OH-58A,  showing  the  effect  of  a 
new  rotor  and  increased  power  on  basicelly  the  same  airframe. 

d)  MBB/Kawasaki ,  BK-117  -  Also  tested  in  AACT  IV;  analysis  of  this 
helicopter  would  not  only  broaden  the  correlation  but  also  provide 
data  on  a  small,  modern  hingeless  rotor  helicopter. 

e)  Other  candidate  eircrcft  include  the  MH-60K  and  SH-60B/F  since 
GenHel  simulation  models  of  these  helicopters  already  exist  at 
Sikorsky.  In  addition,  the  Mi-28  should  be  reevaluated  in  a  lighter 
weight  air-to-air  configuration  and  the  CH-53E  could  be  evaluated  at 
more  typical  operational  gross  weights.  The  rotor  speed  should  be 
set  following  current  operational  procedures  -  100-percent  for  gross 
weights  less  than  60,000  pounds  and  105  percent  for  higher  weights. 

3.  Additional  maneuvers  ehould  be  added  to  the  evaluation.  One  of  these 
would  be  a  large  sideslip  turn  where  the  helicopter  uses  its  elip  capa¬ 
bility  tc  slow  down  and  cum  more  quickly.  For  thie  maneuver,  the 
sideslip  envelopes  for  each,  aircraft  would  have  to  be  specified.  Another 
maneuver  to  be  added  would  be  a  level  flight  roll-reversal  This  would 
be  a  good  measure  of  pure  agility. 

4.  The  AACT  fixed  gun  data  should  be  reanalyzed  using  larger  angles  to 
define  the  firing  window.  The  reaaon  for  this  is  that  the  exieting 
analysis  shows  very  few  firing  opportunities  were  achieved  within  the 
arbitrary  ±3-degree  window  and  they  were  all  of  short  duration  This  is 
probably  due  to  the  lack  of  guiii'rhts  on  the  competing  aircraft.  A  pilot 
can  not  really  judge  a  three-degree  error  in  pointing.  Therefore,  there 
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were  probably  many  instances  where  the  pilot  had  an  excellent  firing 
opportunity  and  the  control  authority  to  stay  within  the  firing  window 
but  in  fact  was  Just  outside  the  mathematical  criteria.  In  addition, 
normal  instrumentation  errors  may  result  in  indication  that  the  pointing 
angle  was  too  large  when,  in  fact,  it  was  inside  the  firing  window. 

5.  The  firing  window  criteria  should  be  modified  to  specify  a  dispersion 
distance  rather  than  an  angle.  For  example,  at  1500  meters,  a  ten  meter 
scoring  box  implies  an  angular  error  of  0.38  degree,  but  at  100  meters 
the  angular  error  is  5.73  degrees.  At  high  ranges,  even  small  pointing 
errors  result  in  missing  the  target  while  at  very  close  ranges,  much 
larger  pointing  angles  simply  result  in  targeting  of  different  parts  of 
the  helicopter. 

6.  Future  AACT  activities  should  employ  gunsights.  It  would  also  be  desir¬ 
able  to  use  some  form  of  weapons  emulator,  as  was  done  in  AACT  IV,  to 
give  the  pilot  feedback  on  his  or  her  targeting  accuracy. 

7.  Piloted  simulation  should  be  used  to  evaluate  the  maneuver  results 
predicted  by  the  maneuver  controllers.  The  maneuver  controller  is  very 
precise  but  it  also  had  the  operational  limitations  r.  dly  enforced.  A 
human  pilot  might  not  be  as  precise  but  he  would  also  not  be  able  to 
impose  the  operational  limits  as  .ghtly. 

8.  Future  AaCT  activities  should  include  the  M/A  rating  maneuvers  as  part  of 
the  workup  to  air-to-air  combat.  This  would  allow  a  direct  correlation 
with  the  CenHel  predictions. 

9.  An  air-to-air  combat  study  should  be  conducted  using  piloted  simulators. 
Several  Important  activities  would  be: 

a)  Emulation  of  ATA  combat  between  AACT  pairs  to  compare  results  of 
simulators  to  actual  combat, 

b)  Evaluation  of  engagements  between  pairs  of  aircraft  not  already 
involved  In  AACT.  This  would  be  a  very  cost-efficient  method  for 
evaluating  combat  maneuvering  given  the  use  of  an  ATA  validated 
simulation  facility.  In  addition,  aircraft  pairs  not  readily 
testable  (e  g  ,  UH-60A  versus  Mi-26)  could  be  analyzed  via  simula¬ 
tion  . 

c)  The  effect  of  design  parameter  changes  on  ATA  combat  could  be 
assessed  quickly  and  directly.  For  example,  fly  a  series  of  engage¬ 
ments,  then  change  the  hinge  offset  or  blade  chord  or  power  avail¬ 
able  on  one  aircraft  and  re- fly  the  engagements  to  quantify  the 
effects.  Such  instantaneous  back-to-back  comparisons  would  be 
invaluable. 

d)  The  simulator  would  also  allow  for  direct  evaluation  of  weapons, 
.something  that  can  not  be  realistically  done  in  the  AACT  test 
environment  Thus,  engagements  could  be  flown  with  a  variety  of 
different  weapons  or  with  parametric  variations  of  a  single  weapon. 
Similar  activities  could  be  pursued  for  sensors,  displays  and 
control  sys  tens . 
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AATD 


AD  GW 

ATA 

ATG 

AACT 

AOA 

ED  GW 

BL 

CG 

CON 

Ct 

cT/a 

D 

Dc 

DL 

FPM 

rp 

FPS 

GenHel 

GFI 

GW 

Hd 

HIRSS 

HP 

hrotor 

HI 


U.  S.  Army  Aviation  Applied  Technology  Directorate 

Alternate  Design  Gross  Weight 

Ai r-to-Air 

Air-to-Ground 

Air-to-Air  Combat  Tests 

Angle-o f -At tack 

Basic  Design  Gross  Weight 

Blade  Loading 

Center-o f -Gravity 

Contour  Flight  Regime 

Thrust  Coefficient 

Thrust  Coefficient  divided  by  Solidity 
Dispersion 

Dispersion  Coefficient 
Disk  Loading 
Feet  per  minute 
Fundamental  Parameter 
Feet  per  Second 

General  Helicopter  Flight  Dynamics  Simulation 
Government  Furnished  Information 
Gross  Weight 
Density  Altitude 

Hover  Infrared  Suppression  System 
Horsepower 

Rotor  Height  above  the  Ground 

Height  of  Reference  Tuselage  in  Aerodynamic 
Scaling  Equation 
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LIST  OF  SYMBOLS /ABBREVIATIONS / ACRONYMS  fCont'dl 


K2 

IGE 

ISA 

LI 

L2 

M 

M/A 

MGB 

mm 

MOE 

N 

NOE 

Nz 

P 

PSID 

0 

q 

ROC 

ROD 

RPM 

S 

Shp 

SLS 

T 

Tc 

TS 

TH 

T/W 


Height  of  Modeled  Fuselage  in  Aerodynamic 
Scaling  Equation 

In-Ground-Effect 

International  Standard  Atmosphere 

Length  of  Reference  Fuselage  ir.  Aerodynamic 
Scaling  Equation 

Length  of  Modeled  Fuselage  in  Aerodynamic 
Scaling  Equation 

Pitching  Moment 

Maneuverability  and  Agility 

Main  Gearbox  (Transmission) 

millimeter 

Measure  of  Effectiveness 

Yawing  Moment 

Nap-cif-the-Earth 

Normal  Load  Factor 

Roll  Rate 

Psi  dot.  Yaw  Rate 

Pitch  Rate 

Dynamic  Pressure 

Rate  -.f-Climb 

Rate-of-Desce.nt 

Revolutions  per  minute, 

Rounds  per  Minute  (Gun) 

Score 

Shaft  Horsepower 
Sea  Level  Standard 
Time 

Time  Coefficient 
Tip  Speed 
Twist 

Thrust  to  Weight  Ratio 
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LIST  OF  SYMBOLS /ABBREVIATIONS /ACRONYMS  (Cont'd) 


HE 

- 

Weight  Empty 

W1 

- 

Width  of  Reference  Fuselage  in  Aerodynamic 

Scaling  Equation 

W2 

- 

Width  of  Modeled  Fuselage  in  Aerodynamic 
Scaling  Equation 

y 

- 

Sidef orce 

a 

- 

Rotor  Solidity 

4- 

- 

Yaw  Rate 

GenHel  Program  SYK30L3 

AFAPPn 

- 

Absolute  Value  of  ALFPPn 

Units 

deg 

alfw  f 

- 

Fuselage  Angle-of -Attack 

deg 

ALFPPn 

- 

Panel  n  Angle-cf -Attack 

deg 

ALFIMR 

- 

Pitch-Lag  Coupling  Coefficient 

deg /deg 

BCQDOS 

- 

Rotor  Stall  Parameter 

n .  d. 

BLCG 

- 

Buttline  of  the  Center-of-Gravity 

inches 

BLMA 

- 

Buttline  of  the  Main  Rotor 

inches 

BLPn 

- 

Buttline  of  Panel  n 

inches 

BLTR 

- 

Buttline  of  the  Tail  Rotor 

inches 

CDPn 

- 

Panel  n  Drag  Coefficient 

n.d. 

CHDTMR 

.. 

Main  Rotor  Blade  Tip  Chord 

feet 

CHDJ.MR 

- 

Main  Rotor  Blade  Root  Chord 

feet 

CHIPKR 

- 

Rotor  Wake  Skew  Angle 

deg 

CLPn 

- 

Panel  n  Lift  Coefficient 

n.d. 

CMPn 

- 

Panel  n  Pitching  Moment  Coefficient 

n.d. 

DDCr' 

- 

Fuselage  Delta  Drag/q 

square  ft . 

DELT3MR 

- 

Pitch-Flap  Coupling  Coefficient 

deg/deg 

DLQf 

- 

Fuselage  Delta  Lift/q 

square  ft. 

DHQF 

- 

Fuselage  Delta  Pitching  Homent/q 

cubic  feet 

DCF 

- 

Fuselage  Drag/q 

square  ft. 
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GenHel  Program  SYMBOLS 


Units 

EKXPn 

- 

Rotor  Interference  Velocity  Ratio 
or.  Panel  n  in  the  x-direction 

r.  .d. 

EKXTR 

- 

Rotor  Interference  Velocity  Ratio 
on  Tail  Rotor  in  tne  x-direction 

n.d. 

EKXViF 

- 

Rotor  Interference  velocity  Ratio 
on  Fuselage  in  the  x-direction 

ii.d. 

EKZPn 

- 

Rotor  Interference  Velocity  Ratio 
on  Panel  n  in  the  i-diroction 

n.d. 

EKZTR 

- 

Rotor  Interference  Velocity  Ratio 
on  Tail  Rotor  in  the  z-direction 

n.d. 

EKZKF 

- 

Rotor  Interference  Velocity  Ratio 
on  Fuselage  in  the  r-direction 

n.d. 

EPSPn 

- 

Fuselage  Downwash  Angle  on  Panel  n 

deg 

EPSTR 

- 

Fuselage  Downwash  Angle  on  Tail  Rotor 

deg 

rscG 

- 

Fuselage  Station  of  the 

Center -of -Gravity 

inches 

HPKR 

- 

Main  Rotor  Horsepower 

Horsepower 

LQf 

- 

Fuselage  Li£t/q 

square  ft . 

MCF 

- 

Fuselage  Pitching  Moment /q 

cubic  feet 

SCF 

- 

Fuselage  Yawing  Moment/q 

cubic  feet 

CMEGMR 

- 

Actual  Main  Rotor  Rotational  Speed 

rad/ sec 

CMEG7R 

- 

Tail  Rotor  Rotational  Speed 

rad/sec 

0KC7MR 

- 

Main  Rotor  Trim  Rotational  Speed 

rad/ sec 

PC  EG 

* 

Aircraft  Roll  Rate 

deg  'sec 

PDCT 

- 

Aircraft  Roll  Acceleration 

rad/sec^ 

ph:b 

- 

Aircraft  Roll  Angle 

deg 

PSABWF 

- 

Absolute  Value  of  P5IWF 

deg 

PSI9 

- 

Aircraft  Heading  Angie 

deg 

ps:wf 

- 

Fuselage  Yaw  Angie  I-  -sideslip) 

deg 

- 

Aircraft  Pitch  Fate 

deg/sec 

SCOT 

- 

Aircraft  Pitch  Acceleration 

rad/ sec^ 

135 


LIST.  QF  SYMBOLS /ABBREVIATIQNS/ACRQNYMS.  .(ContVdl 


GenHel  Program  SYMBOLS 

Units 

QPnQWF 

- 

Dynamic  Pressure  Ratio  at  Panel  n 

n  .d. 

RDEG 

- 

Aircraft  Taw  Rate 

deg/sec 

RDOT 

- 

Aircraft  Yaw  Acceleration 

rad/sec2 

RHO 

- 

Atmospheric  Density 

slugs/ft3 

RMR 

- 

Main  Rotor  Radius 

feet 

RQF 

- 

Fuselage  Rolling  Moment/q 

cubic  feet 

RTR 

- 

Tail  Rotor  Radius 

feet 

SIGPn 

- 

Fuselage  Sidewash  Angle  on  Panel  n 

deg 

SIGTR 

- 

Fuselage  Sidewash  Angle  on  Tail  Rotor 

deg 

THETAS 

- 

Fuselage  Pitch  Attitude 

deg 

TWSTKR 

- 

Blade  Preformed  Twist  Angle 

dec, 

VXBDOT 

- 

Aircraft  Lo..*.:udinal  Acceleration 

ft/sec2 

VXBIKT 

- 

Indicated  Airspeed 

knots 

WLCG 

- 

Waterline  of  the  C«nter-of -Gravity 

inches 

XSEGMR 

- 

Non-dimensional  distance  from  center  of 
rotation  to  center  of  blada  element 

n.d. 

YQF 

- 

Fuselage  Sideforce/q 

square  ft. 
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APPENDIX  A 


UH-60A  MODEL  DATA 


The  UH-60A  (Figure  A-l)  Is  a  medlum-slza ,  single-rotor  assault  tranaport 
helicopter  designed  to  meet  stringent  U.S.  Any  specifications.  Approximately 
1200  UH-60A  are  In  service  with  the  U.S.  Army.  A  large  nuaber  of  derivatives 
of  this  helicopter  have  been  produced  for  the  U.S.  Navy  (SH-60B,  SH-60F, 
HH-60H) ,  U.S.  Air  Force  (MH-60G,  HH-60A) ,  U.S.  Coast  Cusrd  (HH-60J)  and 
foreign  military  use.  The  BLACK  HAWK  has  a  Basic  Design  Cross  Weight  (5DCW) 
of  16,825  pounds,  a  rotor  dlaaetar  of  53  feet  8  Inches,  and  la  powered  by  two 
General  Electric  T700-CE-700  turboshaft  engines  with  a  lntaraadlata  rated 
power  (IRP)  of  1622  shp  each. 

The  four-bladad  aaln  rotor  Is  of  conventional  articulated  design  using  alas- 
toaerlc  bearings.  Flapping  and  lagging  hinges  are  coincident  with  a  4.66 
percent  hinge  offset.  The  Sikorsky  SC1095  airfoil  Is  utilized  Inboard  snd 
outboard  while  a  drooped-nose  SC1095R8  airfoil  Is  employed  on  the  aid-span  of 
the  aaln  rotor  blades.  The  four-bladad  tall  rotor  Is  11-feet  In  diameter,  is 
a  bearingless  rotor  design,  and  employs  tha  SC1095  airfoils.  A  continuous 
composite  span  connects  each  pair  of  blade*.  The  tall  rotor  Is  a  trsctor 
configuration  and  Is  canted  20  degrees  from  the  vertical.  Tha  BLACK  HAWK  has 
a  45-square-foot  all- moving  horizontal  tall  (stabilator) . 

Tha  BLACK  HAWK  CenHal  simulation  was  already  operational  at  Sikorsky  and  had 
been  axtenslvaly  validated  against  flight  test  data,  both  in-housa  and  at  NASA 
Ames . 

All  of  the  numerical  .irta  uacd  to  model  the  UH-60A  ara  provided  in  this 
appendix.  The  first  section  Is  a  tabular  listing  of  the  all  the  Input  data 
(Table  A-l).  The  second  section  Is  plots  of  the  map  data  for  fusalaga, 
vertical  tall  and  horizontal  tall  aerodynamics  along  with  plots  of  tha  rotor 
Interference  and  fuselage  Interference  data  (Figures  A-2  through  A-25).  Tha 
tabular  data  are  provided  with  appropriate  labels.  Hap  data  ara  Identified 
with  CenHel  variable  names  provided  In  tha  List  of  Symbols. 

For  the  UH-60A  model,  tha  panel  allocation  was  as  follows: 

1.  Right  horizontal  tall 

2.  Left  horizontal  tall 

3.  Vertical  tall 
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TABLF  A- 1.  DH-60A  SPECIFIC  FILE 


. .  INF  <T  PARAMETERS  FOR  MAIN  ROTOR  NODULES  (4A.  > 


FSNR: :  341.215  j  FUSELAGE  STATION, INCHES 

WLMR::  315.0  j  WATERLINE  STATION, INCNES 

BLUR : :  0.0  }  BUTTLINE  STATION, INCHES  (+IVE  TO  PORT) 

AMR:;  26.83  ;  RADIUS, FT. 

OHGTMR : : 2 7 . 0 0 6 3  ;  TRIM  ROTATIONAL  SPEED , RAD/SEC 
BHR : :  4.0  ;  ACTUAL  NUMBER  Of  BLADES 


ISMR;  : 

-3.0 

ILHR: : 

0.0 

OELSMR: 

-9.7 

DEL3MR: 

0.0 

KAFlMR : 

0.0 

KAF2RR : 

0.0 

CHOTMR: 

1.73 

CHDRHR : 

1.73 

OFSTMR-. 

1.25 

SPRLKR; 

3.83 

WTBOMR: 

256.91 

IBMR: : 

1512.6 

MBHR : : 

86.7 

I RHR :  : 

943.9 

BTLMR : : 

.97 

DCDMR :  : 

.  002 

NBSMR:  : 

4 

NSSHR :  ; 

5 

)  LONGITUDINAL  SHAFT  TILT, ( POS . BACKWAROS ) , OEG 
;  LATERAL  SHAFT  TILT, t POS . STARBOARD ), DEG 
j  SWASHPLATE  PHASE  ANGLE, OEG 
;  FLAPPING  HINGE  OFFSET  ANGLE, OEG. 
j  LAGGING  HINGE  OFFSET  COEF . ( FUNCt LG) I 
;  LAGGING  HINGE  OFFSET  COEF . (FUNC(LG**2 ) ) 

;  BLADE  CHORD  AT  TIP, FT. 

;  BLADE  CHORD  AT  ROOT, FT. 

;  HINGE  OFFSET, FT. 

;  HINGE  TO  START  OF  BLADE, FT. 

;  WEIGHT  OF  ONE  BLADE, LBS. 

;  BLADE  MOMENT  OF  INERTIA  ABOUT  BINGE, SLUG-FT* »2 
;  BLADE  MASS  MOMENT  ABOUT  BINGE , SLUG-FT* *2 
;  RDTATING  INERTIA  Or  DRIVE  TRAIN  RDTDR 
;  (DUAL  ENGINE  FAILURE),  SLUG-FT*»2 
;  BLADE  TIP  CUT  OFF  RATIO 
;  DELTA  DRAG  COEF.  FOR  EACN  SEGMENT 
!  NUMBER  OF  BLADES  SIMULATED, FIX  POINT 
;  NUMBER  OF  SEGMENTS  SIMULATED, FIX  POINT 


;  •*  MAIN  ROTOR  NON-LINEAR  TWIST  HAP  •• 
TWMRMP: :UVRM  ;HAP  ARGUMENT: LOOK  UP  ROUTINE 

XSEGHRII  ; INPUT  VARIABLE 

TWSTMRM  ; OUTPUT  VARIABLE 

TWHRLO  ; MAP  NAME 

EXP  0.0,1.0,0.05  ; LOWER  LIMIT, UPPER  LIMIT, DELTA 


TWHRLO : 

EXP 

0.0, 

0.0, 

0.0, 

0.0, 

-0.15 

EXP 

-0.95, 

-1.8, 

-2.75, 

-3.55, 

-4.4 

EXP 

-5.3. 

-6.15, 

-7.1, 

-7.9, 

-8.8 

EXP 

-9.65, 

-10.3, 

-10.75, 

-12.3, 

-13.1 

-10.9 


MAIN  ROTOR  DYNAMIC  TWIST  SUBMODULE  ( IA) 


K0TWMP: : UVR4 I 
VKTM 
K0TWHRM 
XOTWLO 

EXP  100.0,150.0,50.0 
ROTWLO:  EXP  - . 000 3 , - . 00052 


MAIN  ROTOR  DOWNWASH  SUBHDDULE  («A) 


SCTHR :  : 

1  .  0 

KCHMR :  : 

c.o 

XSLHR : : 

0.0 

TDW0HR :  : 

0.01 

TDWCHR :  : 

0.0 

TDWSHR:  : 

0.0 

TNRUST  GAIN  FDR  UNIFORM  DOWNWASN 
PITCN. MOM. GAIN  FOR  DOWNWASH  SIN. HARMONIC 
ROLL  MOM. GAIN  TOR  DOWNWASN  COS.HARMDNIC 
TIME  CONST. FOR  UNIFORM  DOWNWASN  FILTER, SEC 
TIME  CONST. FOR  DOWNWASH  SIN. HARMON . FI LTER , SEC 
TIME  CONST. FDR  DOWNWASH  COS . HARMDN . F I LTER , SEC 
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TABLE  A-l.  UB-60A  SPECIFIC  FILE  (Cont'd) 


;•***•*  FLAPPING/LAGGING  DAMPER  CALCULATIONS  (8C)  ****** 

KBRMR : :  0.0  {  r LAPPING  HINGE  SPRING  CONST . FT-LBS/RAD 

KBR  .  HR : : 0 . 0  ;  FLAPPING  HINGE  DAMPEf.  CONST,  FT-LBS-SEC/XAD 


;  **SET  OF  MOUNTING  DIMENSIONS  FOR  LAG  DAMPER , INCHES** 

ALDUS : :  0.227 
BLDMR : :  3.242  ; 

CLDNR : :  12.040  ; 

DLDNR : :  10.0102  ; 

RLDHR: :  6.698  ; 

LG0DMR : : 7 . 0  ;  ALIGNMENT  OFFSET  IN  RELATION  TO  LAG, DEG 

THLDMR :  :  17 . 4  61  ;  FIXED  BLADE  PITCH  RELATIONSHIP  BET.  ARM  AND  THCUFF 

;  **  BLACK  HAWK  LAG  DAMPER  FORCE  VS  LAG  DAMPER  ARM  RATE 
LDHRHP : . UV5UVSI I  ;MAP  ARGUMENT : LDDK  UP  RDUTINE 

LD  .HRM  (  Al  6  )  ;  INPUT  VARIABLE 

F!  'J.MR4  4  ( A16  )  {DUTPUT  VARIABLE 

LDhRLD  ;LDW  RANGE  RAP  NAME 

EXP  0.0, 2. 0,0.1  ; LDWER  LIMIT, UPPER  LIMIT, DELTA 

LDHRHI  ; HI GH  RANGE  HAP  NAME 

EXP  2.0, 7. 0,1.0  ; LONER  LIMIT, UPPER  LIMIT, DELTA 

;  LOW  ANGLE  MAP:  LD.MR  0  TO  2.C  ,  DELTA  -  .1 
LDMRLO:  EXP  0.0,  30.0,  90.0,  160.0,  260.0 

EXP  490.0,  720.0,  950.0,  1190.0,  1400.0 

EXP  1630.0,  1860.0,  2090.0,  2310.0,  2530.0 

EXP  2770.0,  2980.0,  3200.0,  3310.0,  3370.0 

EXP  3410.0 

;  HIGH  ANCLE  HAP:  LD.MR  2.0  TO  7.0  ,  DELTA-1.0 
LDHRHI :  EXP  3410.0,  3550.0,  3615.0,  3660.0,  3745.0 

EXP  3815.0 

;•••••*  INPUT  PARAMETERS  FDR  FUSELAGE/WING  <8A)  *••**• 

,*•*»••  KDUNTING  POINT  FOR  HDDEL  IN  WIND  TUNNEL  ••••** 

FSWF : :  345.5  I  FUSELAGE  STATION, IN. 

WLWF : :  234.0  I  WATERLINE  STATIDN , IN . 

BLWF : :  0.0  I  BUTTLINE  STATION. IN.  (*IVE  TO  PORT) 

IWF :  ••  0.0  I  WING  INCIDENCE,  DEG. 

••  BLACK  HAWK  FUSELAGE  LIFT  (TAIL  OFF  IRS  DFF )  VS  ALFWF 
LQFHP: :UVRUVR*»  jRAP  ARGUMENT : LDDK  UP  RDUTINE 

ALrWFM  ;  INPUT  VARIABLE 

LOfM  jDUTPUT  VARIABLE 

LQrLO  I  LOW  ANGLE  HAP  NAME 

EXP  -30.0,30.0,5.0  ,-LOWER  LIMIT, U7PER  LIMIT, DE'TA-LDW  ANGLE 

LOrHI  >HIGH  ANGLE  HAP  NAME 

EXP  -90.0,90.0,10.0  {LOWER  LIMIT, UPPER  LI  MIT , DELTA- HIGH  ANGLE 

;  LDW  ANGLE  HAP:  ALFWF  -30  TD  30  ,  DELTA- 5 
LOrLD:  EXP  -70.0,  -52. C,  -35.0,  -25.0,  -13.0 

EXP  -5.0,  1.0,  10.0,  20.0,  25.0 

EXP  3J.0,  34.0,  37.0 

;  HIGH  ANGLE  HAP:  ALFWF  -90  TD  90  ,  DELTA-10 
LQFHI :  EXP  -24.0,  -54.0,  -72.0,  -81.0,  -85.0 

EXP  -83.0,  -70.0,  -35.0  ,  -13.0,  1  .  C 

EXP  20.0,  30.0,  37.0,  43.0,  48.0 

EXP  50.0.  48.0,  39.0,  22.0 
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TABLE  A-l.  UH-60A  SPECIFIC  FILE  (Cant'd) 


J 

••  BLACR 

HAWK  FUSELAGE  DRAG  (TAIL 

orr  irs  orr)  vs  alfwf 

* 

REVISED  TO  INCLUDE  FUSELAGE 

8ARDP0INTS  3/87 

DQFHP : 

(UVRUVR88 

;HAP  ARCUHENT: LOOK  UP 

ROUTINE 

ALFWF8  8 

; INPUT  VARIABLE 

DQFII 

; OUTPUT  VARIABLE 

DQFLO 

; LCW  ANGLE  HAP  NAHE 

EXP 

-30.0, 

30.0,5.0 

,-LOWER  LIHIT, UPPER  LIHIT, DELTA-LOW 

ANGLE 

DQFHI 

(HIGH  ANGLE  HAP  NAHE 

EXP 

-90.0, 

90.0,10.0 

(LOWER  LIHIT, UPPER  LIHIT, DELTA-HIGH 

ANGLE 

i 

LOW  ANGLE 

HAP:  ALFWF  -30  TO  30  ,  DELTA-5 

DQFLO: 

EXP 

46.99, 

39.89,  33.59, 

29,39, 

26,97 

EXP 

25.19, 

25.19,  26.99, 

29.49, 

33.19 

EXP 

38.19, 

48.99,  52.99 

t 

HIGH  ANGLE  HAP:  ALFWF  -90  TO  90  ,  DELTA-10 

D0FHI: 

EXP 

151.91, 

186.91,  134.91, 

115.91, 

89.91 

EXP 

62.91, 

86.99,  33.59, 

26.97, 

25.89 

EXP 

29.49, 

38.49,  52.99, 

67.91, 

85.91 

EXP 

111.91, 

133.91,  146.91, 

151,91 

? 

*•  BLACK 

HAWK  FUSELAGE  PITCH  HOH ENT (TAIL  OFF)  VS 

ALFWF 

HOFHP: 

:  UVRUVRM 

;HAP  ARCUHENT: LOOK  UP 

ROUTINE 

ALFWF# 8 

(INPUT  VARIABLE 

HQr## 

(OUTPUT  VARIABLE 

RorLo 

(LOW  ANCLE  HAP  NAHE 

EXP 

-30.0, 

50.0,5.0 

(LOWER  LIHIT, UPPER  LIHIT, DELTA-LOW  ANGLE 

HQTHI 

(HIGH  ANGLE  HAP  NAHE 

EXP 

-90.0, 

90. 0,10.0 

(LOWER  LIHIT, UPPER  LIHIT, DELTA-UGIH 

ANCLE 

HQrLO:  EXP 
EXP 
EXP 


LOW  ANCLE  HAP :  ALPwr  -30  TO  30  , 
-740.0,  -700.0,  -630.0, 

-230.0,  -90.0,  10.0, 

150.0,  600.0,  750.0 


DELTA- 5 
-520.0, 
100.0, 


-360.0 

290.0 


;  SIGH  ANGLE 

HAP:  ALFWF 

-90  TO  90  , 

DELTA-10 

HQrHI:  EX" 

-200.0, 

-470.0, 

-645.0, 

-730.0 

tr.? 

-760.0, 

-740.0, 

-630.0, 

-380.0 

EXP 

100.0, 

450.0, 

750.0, 

810.0 

EX? 

760.0, 

650.0, 

870.0, 

200.0 

-760.0 

-90.0 

825.0 


;  ••  BLACK 
DLQrMP:  :UVR8I 

psiwr#* 

DLQF88 

DLQTLO 

EXP  -30.0,30.0,5.0 


HAWK  TUSELAGE  DELTA  LIFT  VS  PSIWP 
; RAP  ARGUMENT : LOOK  UP  ROUTINE 
I  INPUT  VARIABLE 
(OUTPUT  VARIABLE 
(LOW  ANCLE  HAP  NAHE 

(LOWER  LIHIT. UPPER  LIHIT, DELTA-LOW  ANCLE 


( 

LOW  ANCLE  HAP: 

PSIWF 

-30  TO  30,  DELTA-5 

DLQFLO :  EXP 

30.0, 

20.0, 

12.0,  7.0, 

EXP 

2.0, 

o.o, 

2.0,  5.0, 

EXP 

15.0, 

22.0, 

30.0 

3.0 

10.0 


(  ••  BLACK  HAWK  rUSELACE  DELTA  DRAC  VS  PSIWF(ABS) 
DDOrHP:  :UVRUV-.*I  ;RAP  ARCUHENT :  LOOK  UP  ROUTINE 


PSABWF8  8 

(INPUT  VARIABLE 

DDQr88 

(OUTPUT  VARIABLE 

DDOTLO 

(LOW  ANCLE  HAP  NAHE 

EXP 

0.0,30.0,5.0 

(LOWER  LIMIT, UPPER  LI HIT , DELTA-LOW  ANCLE 

DDQrHI 

(HIGH  ANCLE  HAP  NAHE 

EXP 

30.0.90.0,10.0 

(LOWER  LIHIT, UPPER  LIHIT, DELTA-HICH  ANCLE 
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DDQfLO: 


DDQFHI : 


I  LOW  ANCLE  RAP :  PSI(ABS)  0  TO  30,  DELTA-5 
EXP  0.0,  1.0,  4.0,  9.0, 

EXP  28.0,  38.5 

;  HIGH  ANCLE  RAP:  PSIIABS)  30  TO  90,  DELTA-10 
EXP  36  5,  76.5,  113.5,  141.5, 

EXP  169.5,  170.5 


164.5 


j  *»  BLACK  HAWK  TUSELAGE  DEL  PITCH  HOH  VS  PSIWr(ABS) 
DRQFHP::UVRM  ;RAP  ARGUMENT: LOOR  UP  ROUTINE 

PSABWFM  i  INPUT  VARIABLE 

DRQF4#  i OUTPUT  VARIABLE 

DRQFLO  ;LOW  RANGE  RAP  NAME 

EXP  0.0,30.0,5.0  ; LOWER  LIRIT, UPPER  LIRIT, DELTA- LOW  ANGLE  RAP 


DRQFLO 


YQFRP: 


YQTL0: 


I  LOW  ANGLE  RAP:  PSI(ABS)  0  TO  30,  DELTA-5 
:EXP  0.0,  10.0,  20.0,  50.0,  90.0 

EXP  130.0,  180.0 

;  *•  BLACK  HAWK  PUSELAGE  SIDE  FORCE  (TAIL  OrF)  VS  PSIWr 
.-UVSUVSM  ; RAP  ARGUMENT:  LOOK  UP  ROUTINE 

PSIWF I I  ; INPUT  VARIABLE 

YQFI I  .-OUTPUT  VARIABLE 

YQFLO  ; LOW  ANGLE  RAP  NAME 

0.0,30.0,5.0  ;LOWER  LIRIT, UPPER  LIRIT, DELTA- LOW  ANGLE 

YQFHI  ,-HIGH  ANGLE  RAP  NAME 

30.0,90.0,10.0  ; LOWER  LIRIT, UPPER  LIRIT, DELTA-EGIH  ANGLE 

;  LOW  ANGLE  RAP:  PSIWF  0  TO  30,  DELTA- 5  Y( PSI (--Y ( -PSI ) 
EXP  0.0,  11.0,  23.0,  35.0,  50.0 

EXP  65.0,  72.0 


;  HIGH  ANGLE  RAP:  PSIWF  30  TO  90,  DELTA-10  Y( PSI )--Y( -P5I l 
YQFHI:  EXP  72.0.  92.0,  103.0,  100.0,  84.0 

EXP  64.0,  37.0 

;  ••  BLACK  BAWR  PUSELAGE  ROLLING  RORENT  (TAIL  OFF)  VS  PSIWr 
RQFHP:  .-UVSUVSM  ;RAP  ARGUMENT :  LOOR  UP  ROUTINE 

PSIWFII  .INPUT  VARIAPLE 

ROFII  ;OUTPUT  VARIABLE 

RQFLO  ;LOW  ANGLE  RAP  NARE 

EXP  0.0,30.0,5.0  , -LOWER  LIRIT, UPPER  LIRIT, DELTA- LOW  ANGLE 

RQFHI  ; HI GH  ANGLE  HAP  NAME 

EXP  30.0,90.0,10.0  .-LOWER  LIRIT, UPPER  LIRIT, DELTA-HGIH  ANGLE 

;  LOW  ANGLE  RAP:  PSIWT  0  TO  30,  DELTA-5  R ( PS  I )  — R ( -PS  I ) 
RQFLO:  EXP  0.0,  0.0,  0.0,  -30  0,  -75.0 

EXP  -120.0,  -II0.0 

;  HIGH  ANGLE  RAP:  PSTwr  30  TO  90,  DELTA-10  R I PSI )--R ( -PSI ( 
RQFHI  :  EXP  -110.0,  -106  .0,  -103.0  ,  -101.0,  -100.0 

EXP  -100.0,  -100.0 


;  •*  BLACK  HAWK  TUSELAGE  YAWING  RORENT  (TAIL  OTP)  VS  PSIWr 
NQFR?  :  : UVRUVR#  I  ,-RAP  ARGUMENT :  LOOK  UP  ROUTINE 

PSIWril  .-INPUT  VARIABLE 

NQFII  .OUTPUT  VARIABLE 

NQFLO  ;LOW  ANGLE  RAP  NARE 

EXP  -30.0,30.0,5.0  ; LOWER  LIRIT, UPPER  LIRIT, DELTA-LOW  ANGLE 

NQFHI  ,-HIGH  ANGLE  RAP  NARE 

EXP  -90.0,90.0,10.0  ; LOWER  LIRIT, UPPER  LIRI T , DELIA-HIGH  ANGLE 


:  low  angle  RAP:  PSIWF  -30  TO  30,  DELTA-5 
NQTLO:  EXP  -140.0,  -190.0,  -240.0,  -220.0, 

EXP  -100  0,  0.0,  100.0,  IB0.0, 

EXP  240.0,  190.0,  140.0 


-1E0.0 

220.0 


TABLE  A-l.  DH-60A  SPECIFIC  FILE  (Cont'd) 


;  HIGH  ANGLE 

HAP:  PSIWr 

-90  TO  90, 

DELTA-10 

EXP 

440.0, 

392.0, 

332.0, 

259.0, 

160.0 

EXP 

40.0, 

-140.0, 

-240.0, 

-160.0, 

0.0 

EXP 

180.0, 

240.0, 

140.0, 

59.0, 

-30.0 

EXP 

-125.0, 

-220.0, 

-320.0, 

-420.0 

ROTOR  INTERFERENCE  ON  THE  TUSLEAGE  (HRPA) 


;  ••  BLACK  HAWK  FORE/AFT  M.R.  OOWNWASH  AT  FUSELAGE 
EXWrHP: :BIVt#  ;PA?  ARGUMENT: LOOK  UP  ROUTINE 

EXP  CHI PMR M  , AA1FHR6I  :  INPUT  VARIABLE  II,  INPUT  VARIABLE  12 
ERXWPM  :  OUTPUT  VAXI  ABLE 

EXWrLO  ; LOW  ANGLE  MAP  NAME 


EXP  0.0,100.0,10.0,13  ; LOW  LIH, UPPER  LI M , DELTA , I  ENTRY S { OCT  I -CHI PMR 

EXP  -6. 0,6. 0,6.0  | LOW  LIM, UPPER  LIH.DELTA-AAirHR 


EXWPLO: EXP 
EXP 


;  LOW  ANGLE  MAP  CHIPHR  0  TO  100  (DEL-10)  AA1FNR  >6,0,6 
{  AAlFMR— 6 


0. 0B, 
0.66, 
0.0 


0.43, 

1.03, 


{  AA1 fHR-0 

0.0. 

0.54, 

0.0 


0.32, 

0.64, 


{  AA1THR-6 

-0.12, 

0.4, 

0.0 


0.02, 

0.53, 


0.16. 

0.62, 


I  «•  BLACK  HAWK  VERTICAL  M.R.  DCJWNWASB  AT  FUSELAGE 


EZHTHP:  :  BIVM 

EXP  CHI PHRM , AAlPHRIt 

erzwfm 

EZNFLO 

EXP  0.0,100.0,10.0,13 
EXP  -6. 0,6. 0,6.0 


{HAP  ARGUMENT : LOOK  UP  ROUTINE 
I INPUT  VARIABLE  11,  INPUT  VARIABLE  12 
{OUTPUT  VARIABLE 
{LOW  ANGLE  MAP  NAME 

(LOW  LIM, UPPER  LIM, DELTA, IENTRYS ( OCT )-CHI PMR 
(LOW  LIM, UPPER  LIH, DELTA- AA1FHR 


;  LOW  ANGLE  MAP  CHIPHR  0  TO  100  (DEL-10)  AA1FHR  -6,0,6 
I  AA1FHR--6 

EZWTLO : EXP  1.11,  1.09.  1.08,  1.065,  1.05 

EXP  1.04,  1.02,  1.01,  1.0,  0.66 

0.6 


;  AA1 FMR-0 

1.12, 

1.12, 

0.6 


1.12, 

1.12, 


AA1FHR-6 

1.15, 

1.17, 

0.6 


1.15, 

1.16, 


INPUT  PARAMETERS  FOR  PANEL  II  <IA) 


FSP1 : : 
WLPl  :  : 
ILP1  :  : 
SAP1 : : 
GAMPl: 
I0P1 : : 
CPI :  ; 


700.1 

244  .0 

-36.6 

22.5 

0.0 

z 

1.0 


;  FUSELAGE  STATION, INCH 

;  WATERLINE  STATION. INCH 

(  HUTTLINE  STATION, INCH  <*IVE  TO  PORT) 

;  SURFACE  AREA  OF  PANEL  IF  NOT  INCLUDE  IN  RAP 
(  PANEL  ORIENTATION,  DEG 
(  PANEL  INCIDENCE. DEG 
(  PANEL  MEAN  AERO  CHORD, FT 
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;  *•  BLACK  HAWK  HORIZONTAL  STABILIZER  ( RT  PANEL)  LIPT  COEfriCIENT  VS  ALPPPl 


;  S-22.5  PT**2  .ASPECT  RATIO-4.6  ,0014  AIRroiL 

CLPlMP:  (UVSUVSM  i RAP  ARGUMENT : LOOK  UP  ROUTINE 

ALPPPl II  ; INPUT  VARIABLE 

CLP1M  ;  CUTPUT  VARIABLE 

CLP1LO  ; LOW  ANCLE  KAP  NAME 

EXP  0.0,10.0,5.0  ; LOWER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANCLE 

CLP1HI  ; HICK  ANCLE  HAP  NAME 

EXP  30.0,90.0,10.0  ; LOWER  LIMIT, UPPER  LIMIT, DELTA-HICH  ANCLE 

}  LOW  ANCLE  RAP  ALrPPl  0  TO  30,l'ELTA-5  CL ( ALP ) --CL ( -ALM 
CLP1LO:  EXP  0.0,  0.356,  0.7\,  0.92,  1.02 


EXP  1.02,  0.99 

;  HIGH  ANCLE  MAP  ALrPPl  10  TO  90, DELTA-10  CL<  ALP )  — CL( -ALP  I 
CLP1HI:  EXP  0.99,  0.847,  0.847,  0.745,  0.558 

EXP  0.294,  0.0 

;  ••  BLACK  HAWK  HORIZONTAL  STABILIZER  DRAG  VS  ALPPri(ABS) 
CDP1MF: .UVRUVRM  ;RAP  ARGUMENT : LOOK  UP  ROUTINE 

APAPP1M  ;  INPUT  VARIABLE 

CDP 111  , -OUTPUT  VAXIABLE 

CDP1LO  ; LOW  ANGLE  MAP  NAME 

EXP  0.0,30.0,5.0  ; LOWER  LIMIT. UPPER  LIMIT, DELTA 

CD PI  HI  ( HIGH  ANCLE  MAP  NAME 

EXP  30.0,90.0,10.0  ; LOWER  LIMIT. UPPER  LIMIT, DELTA 

;  LOW  ancle  RAP  ALPPPl  0  TO  30, DELTA-5  CD( ALP )-CD ( -ALP ) 
CDP1LO:  EXP  0.01,  0.022,  0.04,  0.19,  0.36 

EXP  0.37.  0.43 

;  HIGH  ANCLE  MAP  ALrPPl  30  TO  90, DELTA-10  CD (ALP )-1D( -ALT ) 
CDP1HI:  EXP  0.43,  0.531,  0.702,  0.888,  1.05 

EXP  1.161,  1.2 

;  *•  BLACK  HAWK  HORIZONTAL  STABILIZER  MOMENT  fC/4  VS  ALPPPl 
CHPlMP:  (UVSUVSM  ; MAP  ARGUMENT :  1 OOK  UP  ROUTINE 

ALrPPl I I  (INPUT  VARIABLE 

CMP1M  (OUTPUT  VARIABLE 

CMP 1 LO  (LOW  ANCLE  HAP  NAME 

EXP  0.0,30.0,5.0  (LOWER  LIMIT, UPPER  LIMIT, DELTA- LOW  ANGLE 

CMP 1 H I  (HIGH  ANGLE  RAF  NAME 

EXP  30.0,90.0.10.0  (LOWER  LIMIT, UPPER  LIMIT, DELTA-HIGH  ANGLE 

;  LOW  ANGLE  MAP  ALrPPl  0  TO  30,  DELTA-5 
CMP 1 LO :  EXP  0.0,  0.00125,  0.0025,  0.005, 

EXP  -0.105.  -0.125 

;  KICK  ANCLE  RAP  ALrPPl  30  TO  90,  DELTA-10 
CMP1NI:  EXP  -0.125,  -0.125,  -0.125,  -0.125, 

EXP  -0.125,  -0.126 

INPUT  PARAMETERS  POR  ROTOR  I NTERPERENCE  ON  THE  HORIZ.TAIL  II  IMPPA) 


-0.045 

-0.125 


••  BLACK  HAWK  rORE/APT  M.R.  DOWNWASK  AT  HORIZONTAL  TAIL 


EX  PI  HP :  IBIVII 

EXP  CKIPMRM  ,  AAl  PMRI I 
EXXP1M 
EXPlLO 

EXP  0.0,100.0,10.0,13 
EXP  -6. 0,6. 0,6.0 


(MAP  ARGUMENT (LOOK  UP  ROUTINE 
(INPUT  VARIABLE  ll,  INPUT  VARIABLE  12 
(OUTPUT  VARIABLE 
(LOW  ANGLE  MAP  NAME 

(LOW  LIM, UPPER  LIM, DELTA, I ENTRYS < OCT ) -CHI FMH 
(LOW  LIM, UPPER  LIM, DELTA-AAl PMR 
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TABLE  A-l.  XJH-60A  SPECIFIC  FILE  (Cant'd) 


f 

t 

LOW  ANCLE  NAP 
AAl  PNR  — 6 

CHI PNR  0 

TO  100  (OEL-10) 

AAl PNR  -6,0 

,6 

EXPlLO: EXP 

0.0, 

-0.2, 

0.05, 

0.3, 

0.54 

EXP 

i 

o.e, 

0.0 

AA1PHR-0 

1.04, 

1.3, 

1.55, 

0.8 

EXP 

-0.1. 

-0.6, 

-0.2, 

0.12, 

0. 36 

EXP 

t 

0.6, 

0.0 

AAlPHR-6 

0.83, 

1.06, 

1.3, 

0.66 

EXP 

-0.56, 

-0.8, 

-0.74, 

0.32, 

0.04 

EXP 

0.32, 

7.0 

0.6, 

0.86 , 

1.12, 

0.54 

! 

••  BLACK  HAWK 

VERTICAL 

R.R.  DOWNVASH  AT 

’  HORIZONTAL 

TAIL 

EZPlHP::BIV||  ;HAP  ARGUMENT  :  LOOK  OP  ROUTINE 

EXP  CBI PHRt I ,  AAl  THRU  /INPUT  V  API  ABLE  II,  INPUT  VARIABLE  |2 

RKZP14I  .-OUTPUT  VARIABLE 

EZP1LO  ; LON  ANCLE  HAP  NAME 

EXP  0.0,100.0,10.0,13  ; LOW  LIN. UPPER  LI N, DELTA. IENTRYS ( OCT ) -CHI PNR 

EXP  -6. 0,6. 0,6.0  ;LOW  LIN , UPPER  LIN, DELTA-AA1PHR 


S  LOW  ANCLE  HAP  CHIPHR  0  TO  100  (DEL-10)  AA1PHR  -6,0,6 
;  AAl FHR--6 


EZPlLO : EXP 

-0.13, 

0.8, 

1.8. 

1.82, 

1.86 

EXP 

1 .88, 

1.14 

1 .91, 

1.94, 

1.69, 

1.42 

t  AA1FHR-0 

EXP 

0.4, 

0.94, 

1.84, 

1.91, 

1 .98 

EXP 

2.04, 

1.35 

2.08, 

2.14, 

1.89, 

1 .62 

;  AAlPHR-6 

EXP 

0.78, 

1.36, 

1.91, 

1.98, 

2.06 

EXP 

2.14, 

2.21, 

2.28, 

2.16, 

1.96 

1.56 


rUSELACE  1 NTERTERCNCE  ON  TBE  HORIZ.TAIL  II  (WPPA) 


BLACK  HANK  DYNAHIC  PREISURE  RATIO  AT  HORIZONTAL  TAIL  VS  ALrwp 

OPIHP: 

lUVRtl 

1  NAP  ARCUHENT : LOOK  UP  ROUTINE 

ALPWPM 

/ INPUT  VARIABLE 

QPIQwrii 

? OUTPUT  VARIABLE 

QP1LO 

) LOW  ANCLE  HAP  NAHE 

EXP 

-30.0,30.0.5.0 

; LOWER  LIMIT,  UPPER  LIMIT,  DELTA 

;  LOW  ANCLE 

MAP  ALPPP1  -30  TO  30  DELTA-5 

QP1LO: 

EXP  1.0. 

0.875,  0.762,  0.76,  0.76 

EXP  0.76, 

0.76,  0.76,  0.76,  0.82 

EXP  0.90. 

1.0,  1.0 

;•«  BLACK  HAWK 

DOWNWASH  ON  HORIZONTAL  TAIL  VS  ALPWr  DUE  TO  BODY 

EPP1HP 

:  :UVRUVR|| 

/  HAP  ARCUHENT :LOOK  UP  ROUTINE 

ALPWPII 

/ INPUT  VARIABLE 

EPSPltt 

/  OUTPUT  VARIABLE 

EPP1LO 

; LOW  ANCLE  HAP  NAHE 

EXP 

-30.0,30.0,5.0 

/LOWER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANCLE 

EPP1BI 

/HIGH  ANCLE  HAP  NAHE 

EXP 

-90.0,90.0,10.0 

/LOWER  LIMIT, UPPER  LIMIT, DELTA-H I CH  ANCLE 

TABLE  A-l .  0H-6QA  SPECIFIC  FILE  (Cont'd) 


!  LOW  ANCLE  RAP  ALPPPl  -30  TO  30  DELTA-5 


EPP1LO :  EXP 

1.8, 

1.4,  1.1,  0.8, 

0.55 

EXP 

0.5, 

0.45,  0.40,  0.38, 

0.33 

EXP 

0.19, 

-0.12,  -0.40 

J 

HIGH  ANGLE 

RAP  ALFPP1  -90  TO  90  DELTA-10 

EPP1HI :  EXP 

0.0, 

0.25,  0.7,  1.2, 

1.6 

EXP 

1.9, 

1.6,  1.1,  0.55, 

0.45 

EXP 

0.36, 

0.19,  -0.4,  -0.7, 

-0.75 

EXP 

-0.65, 

-0.45,  -0.15,  0.0 

•  «  ***1 

►  INPUT 

PARAAETERS  POR  PANEL  <2  (8A>  ****** 

ESP2: 

700.1 

FUSELAGE  STATION, INCH 

WLP2 : 

244.0 

WATERLINE  STATION, INCH 

BLP2  .* 

36.6 

BUTTLINE  STATION, INCH  (*IVE  TO  PORT) 

SAP  2: 

22.5 

SURFACE  AREA  OP  PANEL  H  NOT  INCLUDE 

IN  HAP 

carp  2 

:  0.0 

PANEL  ORIENTATION,  DEG 

I0P2: 

Z 

PANEL  INCIDENCE, DEG 

CP2:  : 

1.0 

PANEL  REAN  AERO  CHORD, PV 

••  BLACK  KAK X  HORIZONTAL  STABILIZER  (LT  PANEL)  LIFT  COErPICIENT  VS  ALFPP2 
S-22.5  FT**2  .ASPECT  RATIO-4.6  ,0014  AIRPOIL 
CLP2RP:  (UVSUVSM  (RAP  ARG'JHENT :  LOOR  UP  ROUTINE 


ALFPP2II 

; INPUT  VARIABLE 

CLP21 1 

; OUTPUT  VARIABLE 

CLP2LO 

; LOW  ANGLE  RAP  NARE 

EXP 

0.0.30.0,5.0 

; LOWER  LIHIT, UPPER  LIHIT , DELTA-LOW 

ANGLE 

CLP2HI 

;HIGH  ANGLE  RAP  NARE 

EXP 

30.0,90.0,10.0 

,•  LOWER  LIHIT, UPPER  LIHIT, DELTA-HIGH 

ANGLE 

;  LOW  ANGLE 

RAP  ALFPP2  0  TO  30, DELTA-5  CL ( ALP )— CL ( -ALP ) 

CLP2LO: 

EXP  0.0, 

0.356,  0.71,  0.92, 

1.02 

EXP  1.02, 

0.99 

;  HIGH  ANGLE  HAP  ALFPP2  30  TO  90, DELTA-10  Ci.(  ALF )  • 

-CL(-ALF) 

CLP2HI  : 

EXP  0.99, 

0.847,  0.847,  0.745, 

0.558 

EXP  0.294, 

0.0 

;  ••  8LACR 

HAWK  HORIZONTAL  STABILIZER  DRAG  VS  ALPPP2 ( ABS ) 

CDP2HP: 

: UVRUVRI | 

; HAP  ARGUHENT : LOOR  UP  ROUTINE 

AFAPP2M 

; INPUT  VARIABLE 

CDP2II 

; OUTPUT  VARIABLE 

COP2LO 

; LOW  ANGLE  RAP  NARE 

EXP 

0.0.30.0,5.0 

; LOWER  LIRIT. UPPER  LIRIT, DELTA 

CDP2HI 

; HIGH  ANGLE  RAP  NARE 

EXP 

30.0,90.0,10.0 

; LOWER  LIRIT, UPPER  LIRIT, DELTA 

;  LOW  ANGLE 

RAP  ALFPP2  0  TO  30, DELTA-5  CD(ALF)-CD( 

-ALF) 

CDP2LO: 

EXP  0.01. 

0.022,  0.04,  0.19. 

0.36 

EXP  0.37, 

0.43 

;  HIGH  ANGLE  RAP  ALFPP2  30  TO  90, DELTA-10  CDf ALF ) - 

CD(-ALF) 

CDP2H1 : 

EXP  0.43. 

0.531,  0.702,  0.886, 

1.05 

EXP  1.161, 

1.2 

;  ••  BLACR 

HAWK  HORIZONTAL  STABILIZER  RORENT  fC/4 

VS  ALFPP2 

CRP2RP: 

.•UVSUVSM 

; RAP  ARGURENT : LOOK  UP  ROUTINE 

ALFPP2II 

(INPUT  VARIABLE 

CRP24I 

(OUTPUT  VARIABLE 

CHP2LO 

(LOW  ANGLE  RAP  NARE 

EXP 

0.0,30.0,5.0 

(LOWER  LIRIT. UPPER  L I R I T , DELTA- LOW 

ANGLE 

CRP  2  H  ’ 

(RICH  ANGLE  NAP  NARE 

EXP 

30.0,90.0,10.0 

(LOWER  LIHIT, UPPER  LIRIT, DELTA-BIGH 

ANGLE 

TAKT-R  A-l.  OH -60A  SPECIFIC  FILE  (Cont'd) 

i  LOW  ANCLE  HAP  ALFPP2  0  TO  30,  DELTA* 5 
CNP2LO:  ZXP  0.0,  0.00125,  0.0025,  0.005,  -0.045 

EXP  -0.105,  -0.125 

;  HIGH  ANGLE  HAP  ALFPP2  30  TO  90,  OELTA-10 
CHP2HI:  EXP  -0.125,  -0.125,  -0.125,  -0.125,  -0.125 

EXP  -0.125,  -0.125 

....  INPUT  PARAHETERS  FOR  ROTOR  INTERFERENCE  ON  THE  HORI2.TAIL  #2  ( HRPA ) 

;  ••  BLACK  HAWK  FORE/AFT  H.R.  DOWNWASH  AT  HORIZONTAL  TAIL 
EXP2HP : : BIVI I  ; HAP  ARGUKENT: LOOK  UP  ROUTINE 

EXP  CBIPHRII .AAlFHR I I  } INPUT  VARIABLE  II,  INPUT  VARIABLE  12 

EKXP2II  jOUTPUT  VARIABLE 

CXP2LO  ;LOW  ANGLE  HAP  NAME 

EXP  0.0,100.0.10.0,13  | LON  LIH, UPPER  LIH, DELTA, IENTRYS < OCT ) -CHI PHR 

EXP  -6. 0,6. 0.6.0  jLOW  LIH, UPPER  LIH.OELTA-AA1FHR 

;  LOW  ANGLE  HAP  CHIPHR  0  TO  100  (DEL-10)  AAlFHR  -6,0,6 
,-  AAlFHR— 6 

EXP2LO : EXP  0.0,  -0.2,  0.05,  0.3,  0.54 

EXP  0.6,  1.04,  1.3,  1.55,  0.6 

0.0 

;  AA1FHR-0 

EXP  -0.4,  -0.6,  -0.2,  0.12,  0.36 

EXP  0.6,  0.63,  1.06,  1.3,  0.i6 

0.0 

J  AA1FHR-6 

EXP  -0.56,  -0.8,  -0.14,  -0.32,  0.04 

EXP  0.32,  0.6,  0.66,  1.12,  0.54 

0.0 

I  ••  BLACK  RANK  VERTICAL  H.R.  DOWNWASH  AT  HORIZONTAL  TAIL 
EZP2HP : : BIVI I  jHAP  ARGUHENT : LOOK  UP  ROUTINE 

EXP  CHI PHR I I , AA1 FHRI I  i INPUT  VARIABLE  II,  IHPUT  VARIABLE  12 

ERZP2II  ; OUTPUT  VARIABLE 

EZP2LO  i LOW  ANGLE  HAP  NAHE 

EXP  0.0,100.0,10.0,13  ;LO*  LIH, UPPER  LIH, DELTA, IENTRYS ( OCT ) -CHI PHR 
EXP  -6.0, 6. 0,6.0  jLOW  LIH, UPPER  LIH, DELTA-AA1FHR 

;  LOW  ANGLE  HAP  CHIPHR  0  TO  100  (DEL-10)  AAlFHR  -6,0,6 
;  AAlFHR— 6 

El P2  LO : EXP  -0.13,  0.6,  1.8,  1.12,  1.86 

EXP  1.88,  1.91,  1.94,  1.69,  1.42 

1.14 

I  AA1FHR-0 

EXP  0.4,  0.94,  1.84,  1.91,  1.96 

EXP  2.04,  2.08,  2.14,  1.89,  1.62 

1.35 

;  AAl FHR-6 

EXP  0.16,  1.36,  1.91,  1.98,  2.06 

EXP  2.14,  2.21,  2.26,  2.16,  1.96 

1.56 

! . FUSELAGE  INTERFERENCE  ON  THE  HORIZ.TAIL  12  (MFPA)  •••••• 

BLACR  RAWR  DYNAHIC  PRESSURE  RATIO  AT  HORIZONTAL  TAIL  VS  ALFWr 
OP2HP: :UVRIS  JHAP  ARGUHEHT : LOOR  UP  ROUTINE 

ALrwrfl  j INPUT  VARIABLE 

0P20WFM  JOUTPUT  VARIABLE 

OP2LO  ] LOW  ANGLE  NAP  KANE 

EXP  -30.0.30.0,5.0  t LOWER  LIHIT,  UPPER  LIHIT,  DELTA 


146 


TABLE  A-l .  DH-60A  SPECIFIC  FILE  (Coot'll) 


;  LOW  ANGLE  HAP  ALPPP2  -30  TO  30  DELTA-5 


QP2LO: 

EXP 

1.0, 

0.875, 

0.762,  0.76, 

0.76 

EXP 

0.76, 

0.76, 

0.76,  0.76, 

0.82 

EXP 

0.90, 

1.0, 

1.0 

BLACK  HAWK 

DOWNWASH  OH  HORIZONTAL  TAIL  VS  ALrwr  DUE  TO  BODY 

EPP2HP : 

:  UVRUVRM 

/HAP  ARGUHENT: LOOK  UP  ROUTINE 

ALPWPM 

/INPUT  VARIABLE 

EPSP2II 

/OUTPUT  VARI 

ABLE 

EPP2LO 

/LOW  ANGLE  HAP  NAME 

EXP 

-30.0,30. 

0,5.0 

/LOWER  LIHIT 

.UPPER  LIHIT, DELTA-LOW 

ANGLE 

EPP2H1 

/HIGH  ANGLE 

HAP  NARE 

EXP 

-90.0,90. 

0,10.0 

/LOWER  LIHIT 

.UPPER  LIHIT, DELTA-HIGH 

ANGLE 

;  LOW 

ANGLE 

HAP  ALPPP 2  -30 

TO  30  DELTA- 5 

EPP2LO: 

EXP 

1.8, 

1.4, 

1.1,  0.8, 

0.55 

EXP 

0.5, 

0.45, 

0.40,  0.38, 

0.33 

EXP 

0.19, 

-0.12, 

-0.40 

;  HIGH  ANGLE  HAP  ALPPP2  -90 

TO  90  DELTA-10 

EPP2HI  : 

EXP 

0.0, 

0.25, 

0.7,  1.2, 

1 .6 

EXP 

1.9, 

1.8, 

1.1,  0.55, 

0.45 

EXP 

0.38, 

0.19, 

-0.4,  -0.7, 

-0.75 

EXP 

-0.65, 

-0.45, 

-0.15,  0.0 

;*•  BLACK  HAWK  VERTICAL  STABILIZER  LIFT  COEFFICIENT  VS  ALFPP3 
;  S—  3  2.3  rT*»2  .ASPECT  RATIO  -1.92  ,0021  HDD  AIRPOIL 
CLP3HP:  :UVRUVRM  |HAP  ARGUHENT : LOOK  UP  ROUTIHE 

ALrPFJM  jIHPUT  VARIABLE 

CLP  14  I  jOUTPUT  VARIABLE 

CLP  3LO  ; LOW  ANGLE  HAP  HAKE 

EXP  -30 .0, 30 . 0, 5.0  /LOWER  LIHIT, UPPER  LIMIT, DELTA-LOW  ANGLE 

CLF3HI  ; H I  CM  ANGLE  HAP  NAME 

EXP  -90.0.90.0,10.0  ; LOWER  LIHIT, UPPER  LIHIT, DELTA-HIGH  ANGLE 


j  LOW  ANGLE  HAP  ALPPP  3  -30  TO  30, DELTA-5 
CLP3LO: EXP  -1.00,  -1.00,  -0.93,  -0.73,  -0.5 

EXP  -0.28,  -0.06,  0.16,  0.38,  0.61 

EXP  0.82,  0.89,  0.89 


;  HIGH  ANCLE  RAP  ALPPP3  -90  TD  90, DELTA-10 


CLP3HI : EXP 

-0.0, 

-0.12, 

-0.28, 

-0.46, 

-0.64 

EXP 

-0.88, 

-1.00. 

-0.93, 

-0.5, 

-0.06 

EXP 

0.38, 

0.82, 

0.89, 

0.8, 

0.63 

EXP 

0.48. 

0.32, 

0.17, 

0.0 

BLACK  HAWK  VERTICAL  STABILIZER  DRAG  CDEFFI C I  ENT  VS  ALPPP  3 
CDP3HP  :  /’JVRUVKM  ;RAP  ARGUHEHT:  LOOK  UP  RDUTINE 

ALrrP)M  /INPUT  VARIABLE 

CDI»3«I  /OUTPUT  VARIABLE 

CDI-3LD  /LOW  ANGLE  HAP  NAME 

EXP  -30.0,30.0,5.0  ; LOWER  LIHIT, UPPER  LI H I T, DELTA-LOW  ANGLE 

CDP3HI  ,'HIGH  ANGLE  HAP  NAME 

EXP  -90.0  90.0, 10. 0  /LOWER  LIHIT, UPPER  LIH IT, DELTA-B IGH  ANGLE 
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TAM*  A-l .  DH-60A  SPECIFIC  PILE  (Coat'd) 


t  LON  ANCLE  RAP  ALf PP3  >30  TO  30.0ELTA-5 
COP3LO:  EXP  0.36,  0.265,  0.174,  0.116,  0.066 

EXP  0.033,  0.018,  0.021,  0.044,  0.092 

EXP  0.162,  0.248,  0.3SS 

{  HIGH  ANGLE  RAP  ALPPP3  -90  TO  90.OELTA-10 
COF3HI:  EXP  1.1.  1.025,  0.965,  0.875, 

EXP  0.575,  0.36,  0.174,  0.C66, 

EXP  0.044,  0.162,  0.355,  0.58, 

EXP  0.875,  0.965,  1.02,  1.08 

;•»  BLACK  RANK  VERTICAL  STABILIXER  MOMENT  IC/4  VS  ALPPP3(AB$) 
CMP 3MP : : UVRUVR# I  ;KAP  ARGUMENT ; LOOK  UP  ROUTINE 

ALPPP3M  {INPUT  VARIABLE 

CMP3II  {OUTPUT  VARIABLE 

CHP3LO  {LON  ANGLE  RAP  NAME 

EXP  -30.0,30.0,5.0  {LONER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANGLE 

CHP3HI  {HIGH  ANGLE  RAP  NAME 

EXP  -90.0,90.0,30.0  {LONER  LIMIT, UPPER  LIMIT. DELTA-HIGH  ANGLE 

;  LON  ANGLE  MAT  ALPPP3  -30  TO  30,  OELTA-5 
CHP3LO:  EXP  -0.051,  -0.051,  -0.051,  -0.051,  -0.051 

EXP  -0.051,  -0.051,  -0.051,  -0.051,  -0.051 

EXP  -0.051,  -0.051,  -0.051 

;  HIGH  ANGLE  RAP  ALPPP3  -90  TO  90.  OELTA-30 
CNP3HI:  EXP  -0.051,  -0.051,  -0.051,  -0.051,  -0.051 

EXP  -0.051,  -0.051 

;*•••••  ROTOR  INTERFERENCE  ON  THE  VERTICAL  TAIL  ( MRPA)  •••••• 

{  ••  ROTOR  ERX-f ACTOR  ON  VERTICAL  TAIL  RAP  •• 

EXP3KP; -CON5TM  {RAP  ARGUMENTiLOOR  UP  ROUTINE 

ERXP16I  {INPUT  VARIRLE 

EXXP3I6  ,-OUTPUT  VARIBLE 

{  ••  ROTOR  ERZ-rACTOR  ON  VERTICAL  TAIL  RAP  •• 

EZP3MP  :  •  CONST#  I  {MAP  ARGUMENT .* LOOP  UP  ROUTINE 

ERZP1I6  { INPUT  VARIRLE 

EXZP3I4  {OUTPUT  VARIRLE 

;*»••••  pusELAGE  INTERFERENCE  ON  THE  VERTICAL  TAIL  (NFPA!  •••••• 

RLACR  RANK  DYNAMIC  PRESSURE  RATIO  AT  VERTICAL  TAIL  VS  P5INF 
OP 3 HP : :  RIVtl  {MAP  ARGUMENT: LOOK  UP  ROUTINE 

EXP  PSABWF6I , ALrwrM  {INPUT  VARIABLE  II,  INPUT  VARIABLE  12 
QP30Wr#l  (OUTPUT  VARIABLE 

QP3lO  ,'LOW  ANGLE  HAP  NAMC 

EXF  0.0,30.0,5.0,7  (LONER  LIR, UPPER  LIN, OELTA, » ITEMS ( CCT > -PSABNr 

EXP  -10.0,10.3,10.0  (LONER  LIM, UPPER  LIH.OELTA-ALPNP 

(  LOW  ANGLE  NAP  PSI(ABS)  0  TO  30  OELTA-S 


(ALFNr-  -10  DEG 


OP3LO : 

EXP 

EXP 

0.62, 

0.66. 

tALrwr- 

0.*4, 

1.00 

0  DEG 

0.66, 

0.72, 

0.79 

EXP 

EXP 

0.62. 
0.61 . 
lALrwr- 

0.64, 

1.00 

10  DEG 

0.66, 

0.72, 

0.79 

EXP 

EXP 

0.62, 

0.61, 

0.64, 

1.00 

0.66, 

0.72, 

0.79 

0.745 
0.016 
4). 75 
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TABLE  A-l.  UH-60A  SPECIFIC  FILE  (Cont'd) 


SGP3MP: 


EXP 

EXP 


BLACK  HAWR 

.-UVSUVSI* 

PSiwri* 

SIGP3M 

5GP3LO 

0.0,30.0,5.0 

5GP3HI 

0.0,90.0,30.0 


SIDEWASH  ON  VERTICAL  TAIL  VS  PSIWT  DUE  TO  BODY 
{MAP  ARGUMENT : LOOR  UP  ROUTINE 
; INPUT  VARIABLE 
{OUTPUT  VARIABLE 
;  LOW  ANGLE  MAP  NAME 

; LOWER  LIMIT,  UPPER  LIMIT,  DELTA-LOW  ANGLE 
; HI GH  ANGLE  HAP  NAME 

{LOWER  LIMIT,  UPPER  LIMIT,  DELTA-HIGH  ANGLE 


i 

LOW  ANGLE 

MAP  PSIWF  0  TO  30  DELTA-5 

5GP3LO:  EXP 

0.0, 

-0.4,  -0.6, 

0.6, 

EXP 

0.6, 

0.2 

* 

HIGH  ANGLE 

MAP  PSIWF  0  TO  90  DELTA-30 

SGP3HI:  EXP 

0.0, 

0.2,  0.0, 

0.0 

PAGE 
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INPUT  PARMETERS  TOR  TAIL  ROTOR  (IA)  -  (BAILEY)  « 


RTR :  : 

s.s 

OMEGTR: 

124.62 

BTR:  : 

4.0 

rsTR : : 

732.0 

WLTR:  : 

324  .7 

BLTR:  : 

-14.0 

TWSTTR: 

-18.0 

BIA5TS: 

6.0 

GAMTR: : 

70.0 

DEL3TR-. 

35.0 

DELTTR: 

.00145 

CHRDTR : 

.61 

ATR:  : 

5.73 

BTLTR:  : 

.92 

CDTR :  : 

0.0 

I  BTR :  :  3 

0996 

DRD0TR : 

0.0087 

DRD1TR: 

-0.021 

DRD2TR: 

0.4 

DROTTR: 

-1.0 

;  RADIUS , FT 

{TRIM  ROTATIONAL  RATE,  RAD/SEC 
{ACTUAL  NUMBER  Or  BLADES 
;  FUSELAGE  STATION, IN 
{WATERLINE  STATION, IN 
,-BUTTLINE  STATION,  IN  (♦IVE  TC  PORT) 

{BLADE  TWIST, DATUM  CENTER  OF  ROTATION. PEG 
j BLADE  PITCH  CORRECTION  T O.  N. L . TWI ST( NEG  REDUCES  PITCH- 
{TAIL  ROTOR  CANT  ANGLE. D*G 
{ FLAPPING  BINGE  OFF5ET  .NGLE , DEG 

{RATE  OF  CHANGE  OF  CON*  ANGLE  WITH  THRUST ,  DEG./LB 

{BLADE  CHORD, FT 

{BLADE  LIFT  CURVE  SLOPE, 1/RAD 

,-BLADE  TIP  LOSS  FACTOR 

{TAIL  ROTOP.  HEAD  DRAG  FT* *2 

;T.R. BLADE  SECCNL)  MOMENT  SLUCS-FT**2 

,-T.R.  BLADE  SECTION  DRAG  COEFF.CDO 

;  T . R .  BLADE  SECTION  DRAG  COEFF.CDl 

; T . R .  BLADE  SECTION  DRAG  COEFF , CD2 

; T . R .  ROTATION  *1.0  MEANS  COUNTER  CLOCKWISE 

{  WHEN  VIEWED  FROM  PORT  SIDE 


ROTOR  INTERrERNCE  ON  TAIL  ROTOR  1 MRPA) 


EXTRMP  :  : CONST* • 

ERE  P  3  M 
ERX7R* I 


{••  ROTOR  X-r ACTOR  ON  TAIL  ROTOR  MAP  •• 
{MAP  ARGUMENT: LOOR  UP  ROUTINE 
; INPUT  VARIABLE 
{OUTPUT  VARIABLE 


ETTRMP : : CONST* I 

er:p)«* 

EF-ITRt I 


{••  ROTOR  I- FACTOR  ON  TAIL  ROTOR  MAP  •• 
. MAP  ARGUMENT: LOOR  UP  ROUTINE 
{ INPUT  VARIABLE 
; OUTPUT  VARIABLE 


ruSELAGE  INTERFERENCE  ON  THE  TAIL  ROTOR  (NTPA! 


OTRMF : :  CONST** 
OP30W» 
OTRCwr** 


••  TAIL  ROTOR  DYNAMIC  PRESSURE  RATIO  MAP  •• 
MAP  ARGUMENT: LOOR  UP  ROUTINE 
INPUT  VARIABLE 
OUTPUT  VARIABLE 


EPTRMP :  .-CONST** 

EPSPlt* 
EPSTR* • 


••  BODY  DOKNWA5H  ON  TAIL  ROTOR  MAP  *• 
MAP  ARGUMENT-LOOK  UR  ROUTINE 
INPUT  VARIABLE 
OUTPUT  VARIABLE 


H? 


SGTRMP: 


VBVTTR: 

RBVTTR: 


FSCC: : 
WLCG: : 
BLCC: : 

WEIGHT: 
IX: : 

IT:  : 

IZ:  : 
IXZ:  : 
IXY:  : 

I YZ :  : 

A1SUL; : 
A15LL:  : 
B1SUL: : 
B1SLL : : 
THOUL: : 
THOLL:  : 
THRUL: : 
THRLL:  : 

XAUL:  : 
XALL: : 
XB'JL  : 
XBLL:  : 

XCUL: : 
XCLL:  : 
XPUL: : 
XPLL :  : 


TABLE  A-l.  DH-6QA  SPECIFIC  FILE  (Cont'd) 


{**  BOOY  SIDEWASH  ON  TAIL  ROTOR  HAP  •• 

: CONST# I  {HAP  ARGUMENT: LOOR  UP  ROUTINE 

SIGP34I  jINPUT  VARIABLE 

5IGTRM  {OUTPUT  VARIABLE 

VERTICAL  TAIL  INTERPERNCE  ON  TAIL  ROTOR  INPLOW  **•••• 

.*30.0  ;  AIRSPEED  BREAR  PT.  -  NO  BLOCKAGE  ADOVE.RT. 

-.0.796  {TAIL  ROTOR  BLOCKAGE  COEP.  AT  HOVER 


INPUT  PARAMETERS  POR  EQUATIONS  OP  MOTION  (f,B) 


3SS.9 

248.2 

0.0 


PUSELAGE  STATION, OP  C.G. .INCH 

WATERLINE  STATION  OP  C.G .  , INCH 

BUTTLINE  STATION  Or  C.G . , INCH  (♦IVE  TO  PORT) 


:  1 66  36 . 0 
4659.0 
38512.0 
36796.0 
1882.0 
0.0 
0.0 


;  AIRCRAFT  GROSS  WEICHT.IBS. 

>  INERTIA  ABOUT  BOOY  X-AXIS . SLUG- PT* *2 
;  INERTIA  ABOUT  BOOY  Y-AXIS , SLUG-PT* *2 
;  INERTIA  ABOUT  BOOY  Z-AXIS , SLUG-PT** 2 
;  CROSS  COUPLING  INERTIA, SLUG-PT* *2 


A.  0 

* 

A1S  UPPER  LIMIT 

-8.0 

J 

A1 1  LOWER  LIMIT 

16.3 

J 

BIS  UPPER  LIMIT 

12.5 

i 

BIS  LOWER  LIMIT 

25.9 

« 

THETA0  UPPER  LIMIT 

9.9 

; 

TBETA0  LOWER  LIMIT 

36.5 

; 

THETTR  UPPER  LIMIT 

4 . 5 

i 

THETTR  LOWER  LIMIT 

10 . 0 

; 

LAT  STICR  UPPER  LIMIT 

0.0 

I 

LAT  STICR  LOWER  LIMIT 

10.0 

I 

LONG  STCR  UPPER  LIMIT 

0.0 

; 

LONG  STCR  LOWER  LIMIT 

10. c 

; 

COLL  STCR  UPPER  LIHIT 

0. 

; 

COLL  STCR  LOWER  LIMIT 

5.  J8 

; 

PEDAL  UPPER  LIMIT 

0.0 

; 

PEDAL  LOWER  LIHIT 

JfuV  i' 
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Figure  A-l .  UH-60A  Three-View  Drawing 
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Figure  A-4 .  OC-4GA  Fuaalaga  Drag  Kap 
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lag*  FI'  chln£  HoMnt  Map 


• 


FI jura  A-lt.  UH-6QA  Halo  Kotor  Dovnvaah  oo  Horizontal  Stablllur  Rap 
(x-Al  taction) 


168 


Flgur*  A- 21.  BH-60A  Vertical  St*bllU»r  Uft  (Up 
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:c  j«.oo  it. oo  hoc  hoc  « 
f 


Litlo  »t  Vartlc*!  SCablllzar  Kzp 
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APPENDIX  B 


S-76A  MODEL  DATA 


The  S*  76A  (Figure  B-l)  1*  a  middle -weight  commercial  transport  halicoptar. 
The  alrfraa*  makes  axtanslvc  usa  of  e::ipoeites  and  la  extremely  elaan  aero- 
dynamlcally.  The  basic  design  gross  weight  la  10,000  pounds  and  a  44-foot- 
disaster  aaln  rotor  la  aaploysd.  Two  Allison  T250-C30  turboshaft  anginas  with 
a  rating  of  650  ahp  aach  power  tha  S-76A.  Approximately  300  S-76a  have  been 
sold.  Host  of  these  have  bean  for  toMerclal  use,  but  military  variants  ara 
also  available. 

Tha  S-76  main  rotor  la  a  four -b laded  unit  utilizing  SC109S  airfoils.  Tha 
rotor  Is  of  conventional  articulated  design  with  coincident  flap  and  lag 
hinges.  Hinge  offset  la  3.79  percent.  Tha  8-foot* diameter  tall  rotor  has 
four  blades  and  la  of  a  bearlngleee  datlgn  similar  to  that  of  tha  BLACK  HAWK. 

tha  BLACK  HAWK,  the  tall  rotor  la  not  canted  and  a  fixed  horizontal 
stabilizer  of  18.5  square  feat  Is  mounted  at  tha  bees  of  tha  vertical  fin. 
Tha  call  rotor  also  employs  SCX093  airfoils  while  tha  horizontal  stabilizer 
uses  an  inverted  4412  section. 

A  S-76A  GenHal  simulation  was  already  operational  at  Sikorsky  and  has  been 
exts.rsively  validated  against  flight  teat  data  All  of  tha  maerlcal  data 
used  to  model  the  S-76A  are  provided  In  this  appendix.  Tha  first  section  la  a 
listing  of  all  the  Input  data  (Table  B-l).  The  second  section  Includes  plots 
uf  the  map  data  for  fuselage,  vertical  tail  and  I  .  i rental  tall  aerodynamics 
along  with  plote  of  the  rotor  Interference  and  fuselage  Interference  data 
(Figures  B-2  through  B-25).  The  tabular  data  ara  provided  with  appropriate 
labels.  Hap  data  are  identified  with  CenHel  variable  names  provided  In  the 
List  of  Symbols. 

For  the  S-76A  model,  the  panel  allocation  was  aa  follows: 

1.  Right  horizontal  tail 

2.  Left  horizontal  tall 

3.  Vertical  tall 


TABLE  B-l.  S-76A  SPECIFIC  FILE 


,.*••••  INPUT  PARAMETERS  FOE  main  r  -a  modules  < IA. )  •••••• 

FSHR : :  2  0C.0  ;  rUSELAGE  STATION, INCHES 

MLHR : :  157.0  I  WATERLINE.  STATION . I NCNE5 

BLUR : :  0.0  I  BUTTLINE  STATION ,  INCHES  (  +  IVE  TO  FORT ) 

RKP : :  22.0  ;  RADIUS , FT . 

OMGTNR: : 30 .6818  s  TR IN  ROTATIONAL  SPEED. RAD/SEC 
BHR : :  4.0  t  ACTUAL  NUMBER  Of  BLADES 

ISTR : :  -5.0  ;  LONGITUDINAL  SHArT  TILT, ( POS . BACKWARDS ) , DEG 

I LRiR : :  0.0  i  LATERAL  SHAFT  TILT,  (FOS. STARBOARD) , DEG 

DE'.SMR  :  :-25 . 0  >  SWASH PLATE  PHASE  ANGLE, DEG 

DEL3MR:  ilS.7  ,  T LAPPING  BINGE  GffSET  ANGLE, DEG. 

KAFlHR  :  :  —  0 . 0 S  ;  LAGGING  HINGE  OFFSET  CDEF.  (  FI/NCl  LG)  ) 

KAF2HRi  1-0.005  ;  LAGGING  HINGE  OFFSET  COEF . ( FUNC ( LG**2 ) ) 

CHDTHR: :1 .2917  ;  BLADE  CHORD  AT  TIP, FT. 

CHDRHR : : 1 . 291 7  ;  BLADE  CHORD  AT  ROOT, FT. 

OFSTRR: : .#33  ;  HINGE  OFFSET, FT. 

SPRLRR : : 3 . 53  ;  HINGE  TO  START  OF  BLADE, FT. 

RTBDHR: :125.15  !  HEIGHT  07  ONE  BLADE, LBS. 

IBNR-.:  459.0  ;  BLADE  MOMENT  OF  INERTIA  ABDUT  HINGE,  SLUG-FT**2 

MBHRi:  32.5  I  BLADE  NASS  MOMENT  ABDUT  HI  MCE , SLUG-FT* *2 

IRMR :  :  164.0  ;  ROT'*  POLAR  MOMENT  Or  INERTIA  (LESS  BLADES ) ,SLUG-FT*«2 

BTLMR i :  .97  ;  BLADE  TIP  CUT  OFF  RATIO 

DCDMRii  .002  ;  DELTA  DRAG  COEF.  FOR  EACH  SEGMENT 

NBSMRii  4  ;  NUMBER  Dr  BLADES  SI HULATED , F I X  POINT 

NSSMRi:  5  ;  NUMBER  Or  SEGMENTS  SIMULATED, FIX  POINT 

;  ••  RAIS  ROTOR  NON  LINEAR  TWIST  RAP  •• 

TWMRHP:  lUVRM  J  RAP  LOOP  UP  NAME 

XSEGRRI I  ;  INPUT  VARIABLE  NAME 

TWSTMRI I  i  OUTPUT  VARIABLE  NAME 

TWHRLO  ;  RAP  NAME 

EXP  0.0, 1.0,. 05  j  LOWER  LIRIT, UPPER  LIMIT. DELTA 


TWHRLO :  EX? 

o.o. 

0.0, 

0.0, 

0.0, 

1.0 

EXP 

2.5. 

2.6. 

2.1. 

1.6. 

1.1 

EXP 

.6, 

.1. 

-.4. 

-.9. 

-I  .  4 

EXP 

-2.0. 

-2.4, 

-3.0, 

*3.5. 

-4.0 

EXP  -4.5 

;••••••  nAXM  ROTOR  DOWNWASM  SUBMODULE  (IA)  •*•••• 

RCTMRii  1.0  j  THRUST  GAIN  FDR  UNIFORM  DOWNWASM 

XCMMRi:  0.0  ,-  PITCH. MDM. GAIN  FOR  DOWNWASM  SIN.  RARHDNI C 

RSLRR::  0.0  j  RDLL  MDM .GAIN  rOR  DOWNWASM  CDS . HARMON  I C 

TDWOMR:  i  .01016  I  .IHE  CONST.FOR  UNIFORM  DOWNWASM  FILTER, SEC 

TDWCHR : :  0.0  j  TIME  CONST. TOR  DOWNWASM  $  IN . HARMON . FI LTER . SEC . 

TDWSRR::  0.0  j  TIME  CONST. FOR  DOWNWASM  COS . KARHDN . T I LTER , 5EC . 

i . .  FLAPPING /LAGGING  DAMPER  (1C)  •••*•• 

RBRNRi:  0.0  ;  FLAPPING  HINGE  SPRING  CDN5T , FT- LBS/RAD 

RBR.MRiiC.O  ;  FLAPPING  HINGE  DAMPER  CONST,  FT-LBS-SEC/RAD 

j  • ‘SET  Dr  MOUNTING  DIMENSIONS  FOR  LAG  DAMPER . INCHES* • 
ALDHR 1 1  0 . 0  J 

BLDMRi  :  0.0  j 

CLDNRi:  15.6  ; 

DLDMR:  :  6.64  : 

RLDNRii  5.0  j 

LGCDHR:  1-7.5  ;  ALIGHHENT  DFFSET  IN  RELATION  TO  LAG. DEG 

THLCNR 1:2.0  ;  PIXED  BLADE  PITCH  RELATIONSHIP  BET.  ARH  AND  THCUTr 
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TABLE  1-1.  S-7&A  SPECIFIC  FILE  (Coat'd) 


LOHMPj  sUVRSYOO 

lO.HMKlO 
PLC.HRM  (A16) 
L.NRLO 

EXP  0.0, 2.0. .05 


t  “LAG  OAMPEk  PORCE  VS  DAMPER  AM  RATE  “ 
;  RAP  LOOK  UP  HARE 
(  INPUT  VARIABLE  HARE 
(  OUTPUT  VARIABLE  NAME 
I  HAP  NAME 

(  LOWER  LIMIT, UPPER  LIMIT, DELTA 


L.HRLO:  EXP 

0,0, 

15.0, 

35.0, 

60.0, 

100.0 

EXP 

145 . 0, 

215.0, 

315.0, 

435.0, 

560. 0 

EXP 

735.0, 

905.0, 

1055.0, 

11S0.0, 

1290.0 

EXP 

1345.0, 

1 365. 0 , 

1410.0, 

1425.0, 

1440.0 

EXP 

1450.0, 

1455.0, 

1460.0, 

1462.2, 

1464.4 

EXP 

1466.6, 

1466. S, 

1471.0, 

1473.2, 

1475.4 

EXP 

1477.6, 

1479. S, 

14S2.0, 

1464. 2, 

14S6.4 

EXP 

14SS.6, 

1499.6 

1490. P, 

1493. S, 

1495.2, 

1497.4 

}•••• 

rswr: 

NLWP: 
BLWT 
INP:  : 


INPUT  PARAMETERS  POR  PUSELAGE/W1NG  (IA) 
HC.fNTING  POINT  POR  HOOEL  IN  N1ND  TUNNEL 


200. 0 
90.0 
0.0 
c.o 


(  FUSELAGE  STATION, IH. 

(  WATERLINE  STATICH.1N. 

I  BUTTLINE  STATION, IN.  (♦IVE  TO  PORT) 
(  WING  INCiOENCE.OEG. 


LQPNP : :  UVRUVRII 
ALPWPI* 

LOP*  • 

LOPLO 

EXP  -20.0,20.9,2.0 
LOPHI 

EXP  -100.0,100.0,20.0 


(“  PUSELAGE  LI PT  (TA1L-OPP)  VS  ALPWP  MAP  •• 
(RAP  ARGUMENT :LOOR  UP  ROUTINE 
( INPUT  VARIABLE 
I OUTPUT  VARIABLE 
! PRIMARY  'BASIC)  RAP  NAME 

(LOWER  L1NIT, UPPER  L1N1T, DELTA  -  PRIMARY  MAP 

(SECONDARY  (R1GB  ANGLE)  HAP  NAME 

(LOWER  LIN1T, UPPER  LIMIT, DELTA  -  NIGN  A.4GLE  HAP 


(  LOW 

ANGLE  MAI : ALPWP 

-20  TO  20 

,  OELTA  -  ' 

LOrLO: 

EXP 

-12.5, 

-11. 1. 

-10.1, 

-S.l. 

-6.3 

EXP 

-4.7, 

-3.2. 

-2.0, 

-0.S, 

-0.1 

EXP 

0.4, 

0.7, 

1.1. 

1.4, 

1.7 

EXP 

1.9, 

e.s 

(  HIGH 

2.3. 

ANGLE  MAP  .-ALPWP 

2.6, 

-100  TO 

3.S, 

100,  DELTA  - 

5.2 

20 

LQPHI ; 

EXP 

1.0. 

-1.0, 

-4.9, 

-10.1, 

-12.5 

EXP 

0.4, 

-1.0 

s.s, 

7.0, 

3.5. 

1.0 

(••  PUSELAGE  DRAG  (TAIL-OPP)  VS  ALPWP  MAP  “ 


DQTNP : 

:  UVRUVRIt 

(HAP  ARGUMENT 

: LOOK  UP  ROUTINE 

ALPWPII 

(INPUT  VARIABLE 

DOPM 

(OUTPUT  VARIABLE 

DOPLC 

(PRIMARY  (BASIC)  MAP  NAME 

EXP 

-20.0,20 

o 

r* 

o 

(LOWER  LINIY , 

UPPER  LINIY. 

DELTA  - 

PRIMARY  MAP 

DOPM  I 

(SECONDARY  (NIGN  ANGLE)  MAP  NAME 

EXP  - 

100. C. 100. 

0,20.0 

(LOWER  LINIT, 

UPPER  LIMIT, 

DELTA  - 

NIGN 

ANGLE  RAP 

;  LOW  ANGLE  MAP : ALPwr 

-20  TO  20, 

DELTA  • 

2 

D«rLO: 

EXP 

12.5, 

11.2. 

10.2. 

9.4, 

9.0 

EXP 

• .  6 , 

6-5. 

6.4. 

6.3. 

6.1 

EXP 

6.4, 

6.5. 

6.65. 

1.6. 

6.0 

EXP 

9.  J, 

9.6. 

9.9. 

10.2. 

10.5 

10.9 

1  NIGH 

ANGLE  HAP.  ALPHA  PROM  -100 

DEG  TO 

100 

DEG.  DEL-20 

DGPNI: 

EXP 

166.0. 

174.0. 

114.0. 

45.0. 

12.5 

EXP 

6.4. 

167.0 

10.9, 

43. 0. 

115.0, 

17J.0 
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TABLZ  B 


MQFHP  s :  UVRUVR88 
ALPXFM 

non* 

MQFLO 

EXP  -20.0,20.0,2.0 
norm 

EXP  -100.0,100.0,20.0 


1.  S-76A  SPECIFIC  FILE  (Cant'd) 

(••FUSELAGE  PITCH  MOM  (TAIL-Om  VS  ALFWF  HAP*  * 
(HAP  ARGUMENT : LOOK  UP  ROUTINE 
; INPUT  VARIABLE 
; OUTPUT  VARIABLE 
.'PRIMARY  (HASIC)  HAP  NAME 

;LOWER  LIMIT, UPPER  LIMIT, DELTA  -  PRIMARY  MAP 
(SECONDARY  (HIGH  ANCLE)  MAP  NAME 
; LOWER  LIMIT, UPPER  LIMIT, DELTA  -  HIGH  ANGLE  MAP 


(  PRIMARY 

MAP,  ALPHA 

PROM  -20 

DEC  TO  20 

DEC, 

OELTA  -  2 

MQFLO: 

EX* 

-365.0, 

-357.0, 

-345.0, 

-330.0, 

-310.0 

EXP 

-287.0, 

-260.0, 

-232.5, 

-195.0, 

-157.5 

EXP 

-120.0, 

-82.5, 

-45.0, 

-7.5, 

30.0 

EXP 

67.5, 

225.0 

105.0, 

140.0, 

113.0, 

200.0 

(  HIGH  ANGLE  MAP,  ALPHA  FROM  - 

100  DEG  TO 

100 

DEG,  DEL- 

MQFHI : 

EXP 

18.0, 

-18.0, 

-142.0, 

-296.0, 

-365.0 

EX® 

-120.0, 

225.0, 

183.0, 

87.0, 

11.0 

-11.0 


DLQFHF : :BIVt I 
EXP  PSIWFM  .ALrwrn 
DLOril 
DLOrLO 

EXP  -20.0,20.0,2.0,2s 
EXP  -10.0,10.0,10.0 


.-••ruSELAGE  DELTA  LI  FT  (TAIL-OFF)  VS  PSIWF  MAP** 
;HAP  ARGUMENT : LOOR  UP  ROUTINE 
; INPUT  VARIADLE  II, INPUT  VARIABLE  12 
•OUTPUT  VARIABLE 
.•PRIMARY  (BASIC)  MAP  NAME 

;LDW  LIE .UP  LI M, DELTA, I ENTRIES (OCTAL)  PSIWF 
•LOW  LIH.UP  LIM, DELTA  ALrWF 


(PRIMARY  MAP  PSIWF  -20  TO  20  DEG  FOR  ALrwf  -10,0,10  DEG 


(  ALFWF 

-  -10  DEG 

EXP 

-14.04. 

-12.87, 

-11.18, 

-8.84  , 

-6.76 

EXP 

-4.81, 

-3.12, 

-1.82, 

-0.78, 

-0.13 

EXP 

0.0, 

-0.13, 

-0.78, 

-1.82, 

-3.12 

EXP 

-4.81, 

-14.04 

-6  .76, 

-8.84, 

-11.18, 

-12.87 

{  ALPWF 

-  0  DEG 

EXP 

-5.4. 

-4  .95. 

-4.3, 

-3.4. 

-2.6 

EXP 

-1.85, 

-1.2, 

-0.7. 

-0.3. 

-0.05 

EXP 

0.0. 

-0.05, 

-0.3, 

-0.7, 

-1.2 

EXP 

-1.85, 

-5.4 

-2.6. 

-3.4, 

-4.3. 

-4.95 

•  LFWK 

-  10  DEC 

EXP 

-7.02, 

-6.35, 

-5.59, 

-4.42, 

-3  38 

EXP 

-2.405, 

-1.56. 

-0.91, 

-0.39. 

-0.065 

EXP 

0.0. 

-0.065, 

-0.39, 

-0.91, 

-1.56 

EXP 

-2.405, 

-7.02 

-3.38. 

-4.42, 

-5.59, 

-6.435 

(••  rUSELACE 

DELTA  DRAG  VS  PSIWF 

MAP  •• 

UVRUVRM 

(MAP  ARCUMENT 

:tOOR  UP 

ROUTINE 

FSIW'M 

DDOFM 

ddoflo 

EXP  -20.0,20.0,2.0 
DDQFHI 

EXP  -100.0,100.0,20.0 


(INPUT  VARIABLE 
(OUTPUT  VARIABLE 
(PRIMARY  (BASIC)  MAP  NAME 

(LOWER  LIMIT,  UPPER  LIMIT,  DELTA  -  PRIMARY  MAP 

(SECONDARY  (HIGH  ANGLE)  MAP  NAME 

(LOW.  LIMIT.  UP.  LIMIT,  DELTA  -  HIGH  ANCLE  PJYP 


(PRIMARY  MAP  -  PSIWF  FROM  -20  TO  20  DEGREES,  DELTA  -  2 


DDQFLOr  EXP 

18.8, 

14.8, 

11.5, 

8.8. 

6.5 

EXP 

4.5, 

3.0. 

1 .9. 

1.0, 

0.5 

EXP 

0.0. 

0.5. 

:.o. 

1.9. 

1  0 

EXP 

4.5, 

6.5, 

8.8, 

11.5. 

14.8  18 

;  RICH 

ANGLE  MAP: 

HI  -100  TO 

100  DEGREES 

.  DELTA  -  20 

DDQFHI  : 

EXP 

169.0, 

163.0, 

123.0, 

62.0,  18. 

EXP 

o.o. 

18.8, 

62.0. 

123.0,  163. 

DDQFHI : 


TABLE  B-l.  S-76A  SPECIFIC  FILE  (Coat'd) 

;•*  rus.  DELTA  PITCH  HOHENT  VS  PSIwr  HAP  •* 
DHOPHP: rBIVBIVI#  jHAP  ARGUMENT t LOOK  UP  ROUTINE 

exp  psiwm,ALrwr«*  ; input  variable  «i,  input  variable  12 


DMQFM  j output  variable 


OHorto 

{ PRIMARY  (BASIC)  HAP 

NAHE 

EXP  >20.0,20. 

0,2.0,25 

1  LOW.  LIH. 

,  UP.  LIH. 

,  DELTA,  •  I TEHS ( OCTAL ) , PSI 

EXP  -10.0.10. 

0,10.0 

{LOM.  LIB. 

,  UP.  LIH. 

,  DELTA,  ALFMF 

DH-JPuI 

{SECONDARY 

(HIGH  ANGLE)  HAP  KANE 

EXP  -100.0,100 

.0,20.0,13 

; LON .  LIH. 

.  UP.  LIH. 

,  DELTA,  •  1  TEH S ( OCTAL ) , PS I 

EXP  -10.0,10. 

0,10.0 

;LON.  LIH. 

,  UP.  LIH. 

,  OELTA ,  ALFMF 

{PRIMARY 

RAP  -  PSIHr  -20  TO 

20  OEG  FOR  ALFMF  -10,0,10 

jALrwr  - 

-10  OEG 

OHQPIO:  EXP 

180.4, 

165.0, 

145.2, 

115.5, 

88.0 

EXP 

61.59, 

39.6, 

24.2, 

12.1, 

4.4 

EXP 

0.0, 

4.4, 

12.1, 

24.2, 

39.6 

EXP 

61.59, 

88.0, 

115.5, 

145.2, 

165.0 

180.4 

jALrwr  - 

O  OEG 

EXP 

82.0, 

75.0, 

66.0, 

52.5, 

40.0 

EXP 

28.0, 

18.0, 

11.0, 

5.5, 

2.0 

EXP 

o.o, 

2.0, 

5.5, 

11.0, 

18.0 

EXP 

28.0, 

40.0, 

52.5, 

66.0, 

75.0 

82.0 

jALrwr  - 

+10  OEG 

EXP 

57.4, 

52.5, 

46.2, 

36.75, 

28.0 

EXP 

19.6. 

12.6, 

7.7, 

3.84, 

1.4 

EXP 

0.0, 

1.4, 

3.84 

,  7.7, 

12.6 

EXP 

19.6, 

28.0, 

36.75 

,  4f.2. 

52.5 

57.4 

{HIGH  ANGLE  HAP 

PSIMF  -100 

TO  100  DEG  TOR 

ALF  -10,!',  It 

{ALFMF  - 

-10  OEG 

OHQFHI :  EXP 

-9.0. 

9.0. 

70.0, 

146.0, 

180.4 

EXP 

0.0. 

180.4, 

146.0, 

70.0, 

9.0 

-9.0 

,-ALrwr  - 

0  OEG 

EXP 

-4.0, 

4.0. 

32.0, 

67.0, 

82.0 

EXP 

0.0. 

82.0, 

67.0, 

32.0, 

4.0 

-4.0 

;ALFWF  - 

10  DEG 

EXP 

-3.0. 

3.0, 

22.0, 

47.0, 

57.4 

EXP 

0.0. 

57.4. 

47.0, 

22.0, 

3.0 

-3.0 

;**  FUSELAGE  SIDEFORCE  VS  PSIMF  HAP 

•  • 

YQFRP: :  BIVBIV44 

{  HAP  ARGUMENT: LOOK  UP  ROUTINE 

exp  psimfm,alfmf4  4 

•INPUT  VARIABLE  41, 

INPUT  VARIABLE  42 

YOr44 

(OUTPUT  VARIABLE 

YQFLO 

;  PRIMARY  (BASIC)  NAP 

KANE 

EXP  -20.0,20.0 

,2.0.25 

{LC*.  LIH. 

,  UP.  LIH. 

,  OELTA.  «  I TEHS ( OCTAL )  PSI 

EXP  -10.0,10.0 

,10.0 

J  LOW .  LIH. 

.  UP.  LIH. 

.  DELTA  ,  ALFMF 

yqfhi 

{ SECONOARY 

(HIGH  ANGLE)  HAP  NAHE 

EXP  -100.0,100 

.  0,20. 0,13 iLOM.  LIH. 

.  UP.  LIH. 

,  OELTA,  1  ITERS (OCTAL)  PSI 

EXP  -10.0,10.0 

.10.0 

;LON.  LIH. 

,  UP.  LIH. 

,  DELTA,  ALTMF 

I  LOW  ANGLE  HAP j PCI 

-20  TO  20 

OEG,  ALF  -10,  0 

,  10  OEG 

{ALFMF  - 

-10.0  DEG 

YQrLO:  EXP 

-44.0, 

-37.0, 

-31.0 

.  -25.0. 

-20.0 

rxp 

-15.0, 

-10.5, 

-7.0 

-4.0, 

-2.0 

EXP 

0.0. 

2.0, 

4.0 

,  7.0, 

10.5 

EXP 

15.0, 

20.0, 

25.0 

,  31.0, 

37.0 

44.0 


ISO 


TABLE  B-l. 

S-76A  SPECIFIC  FILE 

(Cant’d) 

jALrwr  - 

0  OEG 

EXP 

-44.0, 

-37.5, 

-32.5, 

-27.5, 

-22.5 

EXP 

-11.5, 

-14.5, 

-10.5, 

-7.0, 

-3.5 

EXP 

0.0, 

3-5, 

7.0, 

10.5, 

1.1.5 

EXP 

IB. 5, 

22.5, 

27.5, 

32.5, 

37.5 

% 

44.0 

,-ALrwr  - 

10.0  DLG 

M 

EXP 

-57.0, 

-51.0, 

-43.0, 

-39.0, 

-33.0 

EXP 

-27.5, 

-21.5, 

-16.0, 

-10.5, 

-5.5 

EXP 

0.0, 

5-5, 

10.5, 

16.0, 

21.5 

EXP 

27.5. 

33.0, 

39.0, 

43.0, 

51.0 

0 

57.0 

• 

;  HIGH  ANGLT  MAP  PSI  -100  TO  100  DEG,  ALP 

-10,0,10  OEG 

;ALPWP  - 

-10  OEG 

TOPHI : 

EXP 

-5.0. 

-70.0, 

-130.0, 

-100.0, 

-44.0 

EXP 

0.0, 

44.0, 

100.0, 

130.0, 

70.0 

S.O 

;ALrvr  - 

0 

OEG 

Exr 

-5.0, 

-70.0, 

-130.0, 

-100.0, 

-44.0 

ex: 

0.0, 

44.0, 

100.0, 

130.0, 

70.0 

5.0 

,-ALPWP  - 

10 

OEG 

EXP 

-5.0, 

-70.0, 

-130.0, 

-100.0, 

-57.0 

EXP 

0.0, 

57. 0, 

100.0, 

130.0, 

70.0 

5.0 


rjSELAGE  ROLLING  MOMENT  V$  PSIHP  MAP  •• 
ROrMP:;  BIVBIVM  ;MAP  ARGUMENT ; LOOK  UP  ROUTINE 

exp  rsiwrii.ALrwrn  , -input  variable  h,  input  variable  12 

RQMI  ; OUTPUT  VARIABLE 

RQPLO  ; PRIMARY  (BASIC)  HAP  NAME 

EXP  -20.0,20.0,2.0,25  (LOW  LIMIT,  UP  LIMIT,  OELTA ,  I  ITEMS ( OCTAL )  PSI 

EXP  -10.0,10.0,10.0  (LOW  LIMIT,  UP  LIMIT.  DELTA  ALPWP 

RQPHI  {SECONDARY  (HIGH  ANGLE)  MAP  NAME 

E  <P- 1 00 . fl  100.0, 20 .0, 13 (LOW  LIMIT,  UP  LIMIT,  OELTA,  I  I TEKS ( OCTAL )  PSI 

EXP  -10.  1,10.0,10.0  (LOW  LIMIT,  UP  LIMIT,  OELTA  ALFVr 


.-LOW  ANGLE  RAP :  PS  IMP  EROM  -20  TO  20  OEG  TOR  ALPWP-I 0,0,10 
;ALrwr  -  -10.0  OEG 


RQELO;  EXP 

-36.5. 

-30.0, 

-24.0, 

-19.5. 

-14.5 

EXP 

-10.0, 

-6.5. 

-4.0. 

2.0. 

-0.5 

EXP 

o.c. 

0.5, 

2.0. 

4.0, 

6.5 

ZXP 

10.0, 

36.5 

1 '. .  5  , 

19.5. 

24.0 

30.0 

, -ALrwr  -  *  .0  !-£G 


EXP 

-19.0. 

.8.0, 

-16.5, 

-14.6, 

-13.0 

EXP 

-11.3, 

-9.0, 

-7.0. 

-5.0. 

-2.5 

EXP 

O.C  . 

2.5, 

5.0, 

7.0, 

9.0 

EXP 

11.3, 

19  .C 

13.0, 

14.6, 

16.5, 

16.0 

.ALrwr  - 

10.0  OEG 

EXP 

22.5, 

19.0, 

15.1. 

12.7, 

10.0 

EXP 

7.5. 

5.2, 

3.6. 

2.0. 

1.0 

EXP 

O.C, 

-1.0, 

-2.0, 

-3.6, 

-5.2 

EXP 

-7.5. 

-22.5 

-10.0, 

-12.7, 

-15.1, 

-19.0 

(HIGH  ANGLE 

MAP : PSIWr 

PROM  -100  TO 

mo  DEG, 

ALrwr  -lo, 

, -ALrwr  --10 

LEG 

RQPHI :  EXP 

400.0, 

400.0, 

300.0, 

-120.0, 

-36.5 

EXP 

0.0, 

K.5. 

120.0, 

-300.0, 

-400 . 0 

-400.0 
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exp 

EXP 


-19.0 

400.0 


TABLE  1-1.  S-74A  SPECIFIC  FILS  (Coat'd) 

i alfwf  -  0  DEG 

400.0,  400.0,  300.0,  0.0, 

0.0,  19.0,  0.0,  -300. 0, 

-400.0 


{ALFWP  -  10  DEG 

EXP  400.0,  400.0, 

EXP  0.0,  -22.5, 

-400.0 


300.0,  60.0,  22. 5 

-60.0,  -300.0,  -400.0 


{•*  FUSELAGE  YAWING  MOMENT  VS  PSIWF  RAP  •* 
NQPRP: s  SIVBIVt*  (RAP  ARGUMENT : LOOK  UP  ROUTINE 

EXP  PSIWrtl.ALFWrit  {INPUT  VARIASLE  91,  INPUT  VARIABLE  92 
NQP69  {OUTPUT  VARIABLE 

NOTLO  {PRIMARY  (BASIC)  RAP  NAME 

EXP  -20.0,20.0,2.0,26  ( LOW  LIMIT,  UP  LIMIT,  DELTA,  9  ITEMS (OCTAL }  PSI 
EXP  -10.0,10.0,10.0  {LOW  LIMIT,  UP  LIMIT,  DELTA  ALFWP 

NQFHI  {SECONDARY  (HIGH  ANGLE)  RAP  NAME 

EXP-100. 0,100.0, 20. 0,13{LOW  LIMIT,  UP  LIMIT,  DELTA,  9  I TENS ( OCTAL )  PSI 
EXP  -10,0,10.0,10.0  {LOW  LIMIT,  UP  LIMIT,  DELTA  ALFWP 


NQPLO: 


{ LOW  ANGLE 

HAP: PS IMF 

-20  TO  20 

LEG  FOR  ALFWP 

-  -10 

{ALFWP  •  - 

10  DEG 

EXP 

-80.0, 

-117.0, 

-141.0, 

-155.0,  -160.0 

EXP 

-1S6.0, 

-144.0, 

-122.0, 

-90.0, 

-48.0 

EXP 

0.0, 

48.0, 

90.0, 

122.0, 

144.0 

EXP 

156.0, 

160.0, 

155.0, 

141.0, 

117.0 

80.0 

{ALFWF  - 

0  DEG 

EXP 

—322.0 , 

-145.0, 

-154.0, 

-153.0,  -149.0 

EXP 

-136.0, 

-116.0, 

-90.0, 

-60.0, 

-31.0 

EXP 

0.0, 

31.0, 

60.0, 

90.0, 

116.0 

EXP 

136.0, 

122.0 

149.0, 

153.0, 

154.0, 

145.0 

{ALFWP  - 

10  DEG 

EXP 

-90.0, 

-89.0, 

-84.0, 

-76.0, 

-67.0 

EXP 

-57.0. 

-47.0, 

-36.0, 

-24.0, 

-12.0 

EXP 

0.0, 

12.0, 

24.0, 

36.0, 

47.0 

EXP 

57.0, 

67.0, 

76.0, 

94.0, 

99.0 

90.0 


{HIGH  ANGLE 

NAPrPSIWF  -i 00 

TO  100  DEG 

FOR  ALFWF 

-  -10,0,10 

; ALFWF  -  -10 

DEG 

NQFHI :  EXP 

1100.0, 

600.0, 

400.0, 

300  0, 

-80.0 

EXP 

0.0, 

SO.O, 

-300.0, 

-400.0, 

-600.0 

-1100.0 

{ALFWF  - 

0  DEG  ' 

8 

EXP 

1100. 0, 

600.0, 

400.0, 

300.0, 

-122.0 

EXP 

0.0, 

122.0, 

-300.0, 

-400.0, 

-600.0 

-1100. 0 

i ALFWF  - 

10  DEG 

EXP 

1100.0, 

600.0, 

400.0, 

0.0, 

-*0.0 

EXP 

0.0. 

90.0, 

o.o, 

-400.0, 

-600.9 

-1100.0 

HQFPHP :  UVR99 

PSIWF4I 

MOFPNF9 

MQFPLO 

EXP  -20.0,20.0,2.0 


{  ••  FUSELAGE  PITCHING  MOMENTS  VS  H.R.  THRUST  •• 
{  MAP  ARGUMENTS i  LOOK  UP  ROUTINE 
{  INPUT  VARIABLE  NAME 
{  OUTPUT  VARIABLE  KANE 
{  NAME  OF  RAP 

{  LOWER  LIMIT, UPPER  LIMIT, DELTA 
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TABLE  B-l.  S-76A  SPECIFIC  FILE  (Centr'd) 

!  ••  PSIWT-  -20.0  TO  20.0  IN  2  DEG  INCREMENTS 


HQFPLO:  EXP 

65.0, 

65.0, 

65.0, 

65.0, 

63.0 

EXP 

61.0, 

56.0, 

50.0, 

31.0, 

15.0 

EXP 

0.0, 

-15.0, 

-25.0, 

-35,0, 

-44.0 

EXP 

EXP 

-49.0, 

-35.0 

-51.0, 

-50.0, 

-45.0, 

-40.0 

; .  ROTOR  INTERFERENCE  ON  THE  FUSLEAGE  (HRPA)  *••••• 

[••  ROTOR  X-FACTOR  ON  FUSELAGE  HAP  •• 
EXWFHP: .UVR44  ;HAF  ARGUMENT  :  LOOK  UP  ROUTINE 

CHIPHRI4  ; INPUT  VARIABLE 

EKXWFI4  [OUTFIT"  VARIABLE 

EXWFLO  ;  PRIMA-lY  (BASIC)  HAP  NAME 

EXP  -20.0,100.0,10.0  [LOWER  LIMIT,  UPPER  LIMIT,  DELTA 


EXWFLO:  EXP 

-0.15, 

-0.04, 

0.09, 

0.20, 

0.33 

EXP 

0.46, 

0,60  , 

0.74, 

0.99, 

1.00 

EXP 

0.20, 

-0.50, 

-0.55 

[*•  ROTOR  Z-FACTOR  ON  FUSELAGE  HAP  •• 

EZWFHP : :UVRI 4 

[MAP  ARGUMENT: LOOK  UP  ROUTINE 

CNIPHRI4 

[INPUT  VARIABLE 

EKZWFII 

[OUTPUT  VARIABLE 

EZWFLO 

[PRIMARY  (BASIC) 

NAP  NAME 

EXP  -20.0,100.0, 

,10.0 

[LOWER  LIMIT,  UPPER  LIMIT, 

DELTA 

EZWFLO:  EXP 

1.20, 

1.21, 

1.22. 

1.23, 

1.24 

EXP 

1.25, 

1  .26, 

1.27, 

1.29, 

1.29 

EXP 

1.15, 

1.00, 

1 .  05 

INPUT  PARAMETERS  FOR  PANEL  II  < RT  HORIZONTAL) 


FSP1  : :  473.9  ;  FUSELAGE  STATION, INCH 

WLP1 : :  100.9  ;  WATERLINE  STATION, INCH 

BLP1 : :  -25.0  ;  RUTTLINE  STATION, INCH  (♦IVE  TO  PORT) 

SAP1 : :  9.25  ;  SURFACE  AREA, FT**2 

GAM PI : :  0.0  ;  PANEL  ORIENTATION, DEG 

I 0P1 : :  2.0  [  PANEL  INCI DENCE . DEG 

CPI::  1.0  ;  PANEL  MEAN  AERO  CHORD, FT 

NOR1ZONTAL  5TA91LIZER  ( RT  PANEL)  LIFT  VS  ALFPP1  MAP  •• 
CLP1MP: :UVRUVRM  [MAP  ARGUMENT : LOOK  UP  ROUTINE 

ALFPP1 1 1  [INPUT  VARIABLE 

CLP1M  [OUTPUT  VARIABLE 

CLP1LO  [PRIMARY  (BASIC)  HAP  NAME 

EXP  -24.0.24.0,2.0  [LOWER  LIMIT,  UPPER  LIMIT, DELTA  -  LOW  ANGLE  HAP 

CLP1BI  [SECONDARY  (BIGN  ANGLE)  HAP  NAME 

EXP  -90.0,90.0,15.0  [LOWER  LIMIT,  UPPER  LIMIT,  DELTA  -  BI  ANGLE  MAP 


,-LOW  ANGLE  MAP :  ALFPP1  -24  TO  24  DEG,  DELTA  •  2  DEG 


CLP1LO: 

EXP 

-0.76, 

-0.90, 

-1.15, 

-1.19. 

-1.17 

EXP 

-1.13. 

-1.07, 

-1.00, 

-0.96, 

-0.71 

EXP 

-0.57, 

-0.42, 

-0.27, 

-0.12, 

0.03 

EXP 

0.17, 

0.30, 

0.  39. 

0  45  . 

0.49 

EXP 

0.51, 

0.46, 

('.50, 

0.55, 

0.60 

; RIGR  ANGLE 

HAP:ALFPPI 

-90  TO  90 

DEG.  DEL7A 

-  15  DEG 

CLPlHI : 

EXP 

0.0, 

-0. J5, 

-0.70, 

-0.90, 

-0.75 

EXP 

-0.775. 

-0.27, 

0.45, 

0.70, 

0.90 

EXP 

0.70, 

0.35, 

0.0 

HORIZONTAL  STABILIZER  ( RT  PANEL)  DRAG  VS  ALFPP1  MAP  •• 
CDP1MP: :UVRUVRM  [MAP  ARGUMENT : LOOK  UP  ROUTINE 

ALFPP1M  [INPUT  VARIABLE 

CDP1M  [OUTPUT  VARIABLE 

COP1LO  [PRIMARY  (BASIC)  MAP  NAME 

EXP  -24.0.24.0,2.0  [LOWER  LIMIT,  UPPER  LIMIT,  DELTA  -  LOW  ANGLE  MAP 

CD PI N I  [SECONDARY  ! B1GB  ANGLE)  MAP  NAME 
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TABLE  B-l .  S-76A  BFICTFIC  nil  (Cant’d) 

I  LON  ANCLE  NAPiALPPPl  -24  TO  24  DEC,  DELTA  -  2  DEC 
CDP1LO t  EXP  0.36,  0.35,  0.34,  0.32,  0.29 

EXP  0.21,  0.13,  0.01,  O.Oi,  0.045 

EXP  0.03,  0.02,  0.013,  0.009,  0.009 

EXP  0.012,  0.016,  0.022,  0.03,  0.065 

EXP  0.11,  0.15,  0.11,  0.22,  0.26 

{HIGH  ANCLE  HAP:ALPPP1  -90  TO  90  DEC,  OELTA  -  15  DEG 
CDP1HX:  EXP  1.20,  1.12,  0.91,  0.65,  0.41 

EXP  0.285,  0.013,  0.185,  0.31,  0.58 

EXP  0.89,  1.12,  1.20 


{••••••  INPUT  PARAHETE*  POX  XOTOX  INTERFERENCE  ON  THE  HORIZ.TAIL  II  (XXPA) 

»•*  XOTOX  X-PACTOX  ON  KOXXZONTAL  TAIL  RAP  •* 

EXP1XP: iBIVH  ; RAP  ARGUHENTsLOOR  UP  ROUTINE 

EXP  CHXPXXII , AA1PXXM  ; INPUT  VARIABLE  II,  INPUT  VARIABLE  12 

EXXP1II  {OUTPUT  VARIABLE 

EXP1LO  {  HAP  NARE 

EXP  -20. 0,100. 0.10.0, 15{LOW  LIR,  UP  LIN,  DELTA,  IITERS(OCTAL)  CHI 
EXP  -3. 0,3. 0,3.0  {LONER  LIRIT,  UPPER  LIRIT,  DELTA  -  AAlfRR 


I CHIPRR  -20  TO  100  OEC  POR  AA1PRR  -3,0,3  DEC 
.•AA1PRR  -  -3  DEC 


EXPlLO :  EXP 

0.0, 

0.0, 

-0.42, 

0.05. 

0.24 

EXP 

0.42. 

0.62, 

0.84, 

1.08, 

1.34 

EXP 

1.10, 

0.09, 

0.50 

{AA1PRR  -  0 

DEC 

EXP 

0.0. 

0.0, 

-0.40, 

-0.19, 

0.20 

EXP 

0.40. 

0.60, 

0.82, 

1.07, 

1.34 

fXP 

1.50, 

-0.05, 

0.50 

lAAlPRR  -  3 

OEC 

EXP 

0.0, 

0.0, 

-0.45, 

-0.62, 

0.02 

EXP 

0.23. 

0.45, 

0.67, 

0.92, 

1.19 

EXP 

1.51, 

0.16, 

0.50 

ROTOR  Z- 

fACTOR  ON 

HORIZONTAL  TAIL 

RAP  •' 

EZP1RP: :BIVil  iRAP  ARCURENT : LOOK  UP  ROUTINE 

EXP  CHIPRR I I , AAlTHRII  {INPUT  VARIABLE  II.  INPUT  VARIABLE  12 

ERZP1II  {OUTPUT  VARIABLE 

EZP1LO  {PRXHARY  (BASIC)  RAP  NARE 

EXP  -20. 0,100.0, 10. 0,15{ LON  LIN,  UP  LIR,  DELTA,  I ITERS ( OCTAL  I  CRI 
EXP  -3. 0,3. 0,3.0  j LOWER  LIRIT,  UPPER  LIRIT,  OELTA  -  AA1TRR 

{CHIPRR  -20  TO  100  OEC  POR  AA1PRR  -3.0,3  OEC 
,-AAlPRR  -  -3  OEC 

EZP1LO:  EXP  -0.30,  -0.10,  -0.50,  1.76,  1.80 

EXP  1.83,  1.15,  1.17,  1 . IB ,  1.19 

EXP  1.85,  1.47,  0.90 

{AA1PNR  -  0  OEC 

EXP  -0.30,  -0.40,  -0.50,  1.15,  1.13 

EXP  1.16,  1.81,  1.90,  1.92,  1.92 

EXP  1.90.  1.60,  1.00 

{AA1PHR  -  3  DEG 

EXP  -0.30,  -0.30,  -L.30,  -1.10,  1.12 

EXP  1.91.  1.95,  2.00,  2.03.  2.05 

EXP  2.07,  1.71,  1.15 

.......  rUSELAGE  INTERfERNCE  ON  TIE  HORIZ.TAIL  II  (NTPA)  •••••• 

)••  HORIZONTAL  TAIL  DYNAHIC  PRESSURE  RATIO  RAP” 
QP1HP  :  :  UVRI •  {RAP  ARCURENT : LOOK  UP  ROUTINE 

ALPWMi  {INPUT  VARIABLE 

QP1QWPI8  lOUTPUT  VARIABLE 

OP1LO  iPRIRABY  (BASIC)  RAP  RARE 

1M 


TABLE  B-l.  S-76A  SPECIFIC  FILE  (Cont'd) 


EXP  -20.0,20.0,4.0  {LOWER  LIMIT, 

UPPER  LIBIT, 

DELTA 

(ALrwr  -20  TO  20  DEG, 

DELTA  -  4  DEG 

OP1LO:  EXP  1.00,  .96, 

.82. 

.74 

EXP  .74,  .79, 

.79. 

.85 

1.00 

EPP1HP : :UVR M 

ALrwri* 

EPSF14I 

EPP1L0 

EXP  -40.0,40.0,5.0 


BODY  DOWNWASN  ON  HORIZONTAL  TAIL  HAP  *• 
; BAP  ARGUMENT : LOOK  UT  ROUTINE 
; INPUT  VARIABLE 
1  OUTPUT  VARIABLE 
; PRIMARY  (BASIC)  HAP  NAME 
{LOWER  LIMIT.  UPPER  LIMIT,  DELTA 


(LOW  ANGLE 

BAPtALrwr 

-40  TO  40  DEG, 

DELTA  * 

5  DEG 

EPP1LO:  EXP 

0.0, 

1.0, 

2.0, 

3.0. 

4.0 

EXP 

1.6, 

3.1, 

2.6, 

2.1. 

1.55 

EXP 

1.0, 

0.5, 

0.0, 

0.0, 

0.0 

EXP 

0.0, 

0.0 

;•*  BODY  SIDEWASH  ON  HORIZONTAL  TAIL  BAP  •• 
SGPlMP:  :BIVI4  {MAP  ARGUMENT : LOOK  UP  ROUTINE 

EXP  PSIWr4» , ALrwrM  {INPUT  VARIABLE  »1,  INPUT  VARIABLE  * 2 
SIGP14I  {OUTPUT  VARIABLE 

SGP1LO  ; P  R I  BAR  Y  (BASIC)  RAP  NAME 

EXP  -24.0,24.0,4.0,15  {LOW  LIMIT,  UP  LIMIT,  OELTA,  *  ITEMS ( OCTAL ), PSI 

EXP  -10.0,10.0,10.0  ;LCW  LIMIT,  UP  LIMIT,  DELTA,  ALrwr 


;LOW  ANGLE  BAP.-PSIWr  -24  TO  24  DEG  FOR  ALrwr  -10.0,10 
,-ALrwr  •  -1 0  DEG 


SGP1LO 

:  EXP 

0.0, 

-2.4,  -4.e,  -3.6, 

-2,4 

EXP 

-1.2, 

0.0,  1.2,  2.4, 

3.6 

EXP 

4.8, 

2.4,  0.0 

,-ALrwr  - 

0  DEG 

EXP 

0.0, 

-1.5,  -3.0.  -1.7, 

-0  .4 

r~p 

•0.2, 

0.0,  0.2,  0.4, 

1.7 

EXP 

3.0, 

1.5,  0.0 

,-ALrwr  - 

10  DEG 

EXP 

0.0, 

1.6,  3.2,  4.8, 

3.2 

EXP 

1.6, 

0.0,  -1.6.  -3.2, 

-4.8 

EXP 

-3.2, 

-1.6,  0.0 

* 

INPUT  PARAMETERS  TOR  PANEL  *2  1 LT  HORIZONTAL/  »••• 

»  * 

rSP2  :  : 

47J.B 

TUSELAGE  STATION, INCH 

WLP2 :  : 

100.8 

WATERLINE  STATION, INCN 

BLP2:  : 

25.0 

{  BUTTLINE  STATION, INCN  (*IVE  TO 

PORT) 

SAP  2:  : 

9.25 

{  SURPACE  AREA  rT»*2 

GAMP 2  : 

:  0.0 

PANEL  OR I ENTATI ON , OEG 

2  0  P  2  : ; 

2.0 

{  TAIL  INCIDENCE. DEG 

CP2:: 

1.0 

(  PANEL  MEAN  AERO  CaORO.rT 

•  • 

9 

•  NORIZONTAL  STAB7_»iEA  ( LT  PANEL)  LirT  VS  ALTPP2  BAP  * 

CLP2HP 

: : UVRUVRI  | 

MAP  ARGUMENT : LOOK  UP  ROUTINE 

ALrpP24l 

INPUT  VARIABLE 

CLP  2  41 

OUTPUT  VARIABLE 

CLP2LO 

PRIMARY  (BASIC)  BAP  NAME 

EXP  - 

24.0.24.0. 

2.0 

LOWER  LIMIT.  UPPER  LIMIT. DELTA  - 

LOW 

ANGLE  BAP 

CLP2NI 

SECONOARY  (HIGN  ANGLE)  BAP  NAME 

EXP  - 

90.0.90.0.15.0 

LOWER  LIMIT,  UPPER  LIMIT,  DELTA 

-  HI 

ANGLE  BAP 

{LOW  angle 

HAP ; ALTPP2 

-24  TO  24 

DEG,  DELTA  - 

2  OEG 

EXP 

-0.76, 

-0.90, 

-1.15, 

-1.19, 

-1.17 

EXP 

-1.13, 

-1.07, 

-1.00, 

-0.86, 

-0.71 

EXP 

-0.57, 

-0.42, 

-0.27, 

-0.12, 

0.03 

EXP 

0.17, 

0.30, 

0.39, 

0.45, 

0.49 

EXP 

0.51 . 

0.46, 

0.50. 

0.55, 

0.60 
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TABLE  B-l.  S-76A  SPECIFIC  FILE  (Coot'd) 

(HIGH  ANGLE  HAP (ALFPP2  -90  TO  90  DEG,  DELTA  -  IS  DEG 
CLP2II :  EXP  0.0,  -0.35,  -0.70,  -0.10,  -0.75 

EXP  -0.775,  -0.27,  0.45,  0.70,  0.40 

EXP  0.70,  0.35,  0.0 

HORIZONTAL  STABILIZER  ( LT  PANEL)  DRAG  VS  ALPPP2  HAP  •• 
CDP2RP:  (UVRUVRM  (HA?  ARGUMENT  : LOOR  UP  ROUTINE 

ALPPP244  i INPUT  VARIABLE 

COP2II  j OUTPUT  VARIABLE 

CDP2LO  ; PRIMARY  (BASIC)  HAP  NAHE 

EXP  -24.0,24 .0,2.0  ( LONER  LIMIT,  UPPER  LIMIT,  DELTA  -  LOW  ANGLE  HAP 

CDF2HT  ( SECONDARY  (HIGH  ANGLE)  HAP  NAME 

EXP  -90.0,90.0,15.0  ( LOWER  LIMIT,  UPPER  LIHIT,  DELTA  -  II  ANGLE  HAP 


> LON  ANGLE  HAP: ALPPP2  -24  TO  24  DEG.  DELTA  -  2  DEG 


CDr2LO:  EXP 

0.36, 

0.35, 

0.34, 

0.32, 

0.29 

EXP 

0.21, 

0.13, 

0.08, 

0.96, 

0.045 

EXP 

0.C3, 

0.02, 

0.013, 

0.009, 

0.009 

EXP 

0.012, 

0.016, 

0.022, 

0.03, 

0.065 

EXP 

0.11 , 

0.15, 

0.18, 

0.22, 

0.26 

(HIGH  ANGLE 

HAP : ALPPP2 

-90  TO  90 

DEG,  DELTA  - 

15  DEG 

CDP2HI:  EXP 

1.20, 

1.12. 

0.91, 

0.65, 

0.41 

EXP 

0.285, 

0.013, 

0.185, 

0.31 , 

0.58 

EXP 

0.89, 

1.12, 

1 .20 

INPUT  PARAMETER  FOR  ROTOR  INTERFERENCE  ON  THE  HORIZ.TAIL  42  ( RRPA) 


ROTOR  X-PACTOR  ON  HORIZONTAL  TAIL  HAP  •• 

EXP2MP: ;BIVI4  ;HAP  ARGUMENT : LOOR  UP  ROUTINE 

EXP  CHIPRPM , AA1TRRI I  ; IN PVT  VARIABLE  II,  INPUT  VARIABLE  12 
EKXP2II  (OUTPUT  VARIABLE 

EXP2LO  ;  HAP  NAHE 

EXP  -20. 0,100.0, 10. 0,15,-LOW  LIR,  UP  LIM.  DELTA,  IITEHS(OCTAL)  CHI 
EXP  -3. 0,3. 0,3.0  ,-LONER  LIMIT,  UPPER  LIMIT,  DELTA  -  AA1PHR 

( Cl! PHR  -20  TO  100  DEG  TOR  AA1PMR  -3,0,3  DEG 
(AAIPRR  -  -3  DEG 

0.0,  0.0,  -0.42.  0.05,  0.24 

0.42,  0.62,  0.14,  1.01,  1.34 

1.40,  0.09,  0.50 

.-AAIPRR  -  0  DEG 


EXP 

0.0, 

0.0, 

-0.40, 

-0.19, 

0.20 

EXP 

0.40. 

0.6C. 

0.12, 

1.07, 

1.34 

EXP 

1.50, 

-0.05, 

0.50 

(AAIPRR  - 

3  DEG 

EXP 

0.0, 

0.0, 

-0.45, 

-0.62, 

0.02 

EXP 

0.23, 

0.45, 

0.67, 

0.92, 

1.19 

EXP 

1.51, 

0.16, 

0.50 

ROTOR  Z-PACTOR  ON  HORIZONTAL  TAIL  HAP  •• 
EZP2RP: --BIVII  ,-HAP  ARGUMENT:  LOOK  UP  ROUTINE 

EXP  CHIPRRM .AAirMRII  (INPUT  VARIABLE  II.  INPUT  VARIABLE  12 
EKZP2 tl  (OUTPUT  VARIABLE 

EZP2LO  (PRIMARY  (BASIC)  HAP  NAME 

EXP  -20.0. 100.0, 10. 0,I5(LOW  LIR.  UP  LIR.  DELTA,  IITERS(OCTAL)  CII 
EXP  -3. 0,3. 0,3.0  (LONER  LIR1T,  UPPER  LIHIT,  DELTA  -  AAIPRR 

(CIIPRR  -20  TO  100  DEG  POR  AAIPRR  -3,0,3  DEG 
(AAIPRR  •  -3  DEG 

-0.30,  -0.40,  -0.50,  1.71,  I.S0 

1.13,  1.85,  1.17,  I.IS,  I . 19 

1.15,  1.47,  0.90 

; AAIPRR  -  0  DEG 

EXP  -0.30,  -0.40.  -0.50,  I.IS,  >  93 

EXP  1.16.  l.H.  1.90.  1.92.  1.92 

196 


EZP2LO :  EXP 
EXP 
EXP 


EXP2LO:  EXP 
EXP 
EXP 


QP2RP: 


TABLE  B-l. 

S-76A  SPECIFIC  FILE  (Crat'd) 

EXP 

1.90, 

1.60, 

1.00 

(AAlPRR  -  3 

DEG 

EXP 

-0.30, 

-0.30, 

-0.30, 

-1.40, 

1.62 

EXP 

1.91, 

1.95, 

2.00, 

2.0), 

2.05 

EXP 

2.07, 

1.74, 

1.15 

FUSELAGE 

1 NTERf ERhCE 

ON  THE  HORI Z .TAIL 

#2  (wrpA)  •••< 

»#• 

(•• 

HORIZONTAL 

TAIL  DYNAMIC  PRESSURE 

RATIO  1 

UVRII 

(MAP 

ARGUMENT: 

LOOR  UP 

ROUTINE 

EXP 


AirvFM 
QP2QWpn 
QP2L0 

•20.0,20.0,4.0 


(INTUT  VARIABLE 
I OUTPUT  VARIABLE 
(PRIMARY  (BA5TC)  RAP  NARE 
(LOWER  LIHIT,  UPPER  LIMIT,  DELTA 


QP2LO:  EXP 
EXP 


,-ALrwr  -20  TO  20  DEC,  DELTA  -  4  DEC 

1.00,  .96,  .62,  .74. 

,74,  ,79,  .79,  .05, 

1.00 


,74 

.96 


EPP2nr:  :UVRM 

ALrwrn 

EPSP2M 

EPP2LO 

EXP  -40.0,40.0,5.0 


(••  BODY  DOWNWASB  ON  HORIZONTAL  TAIL  HAP  •• 

(HAP  AECURENT : LOOK  UP  ROUTINE 

; INrUT  VARIABLE 

; OUTPUT  VARIABLE 

(PRIHARY  (BASIC)  HAP  NAME 

(LOWER  LIHIT,  UPPER  LIRIT,  DELTA 


(LOW  ANGLE  KAP :AI PWP 

-40  TO  40  DEG, 

DELTA  - 

5  DEG 

EPP2LO:  EXP 

0.0,  1.0, 

2.0, 

3.0, 

4.0 

EXP 

3.6,  ).l. 

2.6, 

2.1, 

1.55 

EXP 

1  0,  0.5, 

0.0, 

0.0, 

0 

EXP 

0.0,  0.0 

SCP2RP: :BIVII 
exp  rsiwrn, ALrwrn 
SICP2M 
SCP2LO 

Exr  -24.0,24.0,4.0.15 
Exr  -io.D.io.0,10.6 


{••  BODY  SIDEWASK  ON  HORIZONTAL  TAIL  HAP  •• 
(HAP  AMGURENT : LOOK  UP  ROUTINE 
(INPUT  VARIABLE  *1,  INPUT  VARIABLE  42 
(OUTPUT  VARIABLE 
; PRIMARY  (BASIC)  KAP  NAME 

,-LOW  LIRIT.  Ur  LIRIT,  DELTA,  •  I TEHS  (  OCTAL  )  ,  PS  I 
(LOW  LIHIT,  UP  LIHIT,  DELTA,  ALPWP 


5CP2LO : 


(LOW  ANGLE  HAP : PS IMP  - 

24  TO  24 

DEG  POR  ALPWP 

-10,0.10 

(ALPWP  - 

-10  DEG 

EXP 

0.0. 

-2  4, 

-4.1, 

-36, 

-2.4 

Exr 

-1.2, 

o.o. 

1.2, 

2.4, 

3.6 

EXP 

4.6. 

2.4, 

0.0 

(ALPWP  - 

0  DEG 

EXP 

0.0, 

-1.5, 

-3.0. 

-1.7, 

-0.4 

EXP 

-0.2, 

0.0, 

0.2. 

0.4, 

1.7 

EXP 

)-0, 

1.5, 

0.0 

(ALPWP  - 

10  DEG 

EXP 

0.0. 

1.6, 

) .  2 , 

4.8, 

3.2 

EXP 

1.6. 

0.0. 

-1.6. 

-3.2, 

-4.6 

EXP 

-3.2, 

-1.6, 

0.0 

INPUT 

PARAMETERS 

POR  PANEL  4) 

(VERTICAL 

TAIL)  . . 

INrPJ: : 


( 

KRMAVH  ,  ,  RREAM  ; 
wrpjAVM ,  ,wrrAM  i 

CP  )  AVR  l|,  .SPAM  ; 
Z  ( 


••INTERFERENCE  SUBHODULE  DEFINITION** 

(VAR. BLR. , SUBHOD)  R.R.  -  PANEL  I) 

(VAR. BLR., SUBROD)  BODY  -  PANEL  03 
( VAR. BLR. .SUBHOD. NAME)  GUST (All  -  PANEL  I J 
TERMINATE  INTERFERENCE  5UBHODLE  LIST 


PSP J  :  :  490.0 

NLP)::  141.) 
BLP) : :  0.0 


(  FUSELAGE  STATION, INCH 
(  WATERLINE  STATION. INCH 
l  BUTTLINE  STATION, INCH  (»IVE  TO  PORT) 
187 


TABLE  B-l.  S-76A  SPECIFIC  FILI  (Coat’d) 

SAP  3 : 1  19.7  t  IURPACE  AREA,PT»*2 

GAHP3::  -90.0  »  PANEL  ORIENTATION, DEC 

I0P3 : :  Z  I  PANEL  INCIDENCE, DEC 

CP3::  1.0  {  PANEL  NEAN  AERO  CROtD.rT 

{ ••  VERTICAL  STARILIZER  LIPT  VS  ALPPP3  NAP  •• 
CLP3NP: :UVRUVRI|  {RAP  AR CUN ENT : LOOK  UP  ROUTINE 

ALFPP3II  {  INPUT  VARIABLE 

CLP3II  ; OUTPUT  VARIABLE 

CLP3LO  I PRINARY  (BASIC)  RAP  NANE 

EXP  -24.0,24.0,2.0  {LOWER  LIhIT.  UPPER  LINIT,  DELTA  -  LOW  ANCLE  RAP 
CLP3HI  {SECONDARY  (BICH  ANCLE)  RAP  NAPE 

EXP  -90.0,90.0,15.0  { LONER  LIHIT,  UPPER  LIHIT,  DELTA  -  II  ANCLE  RAP 

{ LOW  ANCLE  HAPsALPPPl  -24  TO  24  DEC,  DELTA  -  2  DEC 
CLP3LO:  EXP  -0.76,  -0.95,  -0.E9,  -0.E2,  -0.75 

EXP  -0.66.  -0.60,  -0.52,  -0.44,  -0.36 

EXP  -0.26,  -0.20,  -0.12,  -0.04,  0.04 

EXP  0.12,  0.195,  0.27,  0.35,  0.43 

EXP  0.51,  0.59,  0.66,  0.73,  0.66 

,*BIGH  ANCLE  RAP:ALPPP3  -90  TO  90  DEC,  DELTA  -  15  DEC 
CLP3HI :  EXP  0.0,  -0.35,  -0.70.  -0.77,  -0.70 

EXP  -0.65.  -0.12,  0.60,  0.70,  0.77 

EXP  0.70,  0.35,  0.0 

{••  VERTICAL  STABILIZER  DRAG  VS  ALPPP3  RAP 
CDP3HP: lUVRUVRII  I HAP  ARGUMENT : LOOR  UP  ROUTINE 

ALPPP3II  {INPUT  VARIABLE 

CDP3II  {OUTPUT  VARIABLE 

CDP3LO  { PRINARY  (RASIC)  NAP  HARE 

EXP  -24.0,24.0,2.0  {LONER  LIHIT,  UPPER  LIHIT,  DELTA  -  LOW  ANCLE  RAP 

CDP3BI  {SECONDARY  (BICH  ANCLE)  RAP  NAHE 

EXP  -90.0,90.0,15.0  {LONER  LIHIT,  UPPER  LIHIT,  DELTA  -  RI  ANCLE  HAP 


{LOW  ANCLE  NAP : ALPPP3  -24  TO  24  DEC,  DELTA  -  2  DEC 


CDP3LO:  EX* 

0.260, 

0.215, 

0.175, 

0.145, 

0.119 

EXP 

0.097, 

0.077, 

0.061, 

0.041, 

0.034 

EXP 

0.023, 

0.016, 

0.011, 

0.009, 

0.009 

EXP 

0.012, 

0.017. 

0.024, 

r.034. 

0.047 

EXP 

0.063, 

0.060, 

0.110, 

0.150, 

0.210 

{ BICB  ANCLE 

HAP : ALPPP3 

-90  TO  90 

DEC,  DELTA  - 

15  DEC 

CDP3H1;  EXP 

1.20, 

1.12, 

0.69. 

0.56, 

0.31 

EXP 

0.165, 

0.011, 

0.135, 

0.26, 

0.54 

EXP 

0.16, 

1.12, 

1.20 

I . ROTOR  INTERFERENCE  ON  TIE  VERTICAL  TAIL  II  (HRPA) 


{••  ROTOR  X-PACTOR  ON  VERTICAL  TAIL  HAP  •• 
EXP3HP : : RIVI I  {HAP  ARGUHENT ; LOOS  UP  ROUTINE 

EXP  CBIPHRII , AA1 PKRII  {INPUT  VARIABLE  II,  INPUT  VARIABLE  12 
ERXP3II  {OUTPUT  VARIABLE 


EXP3 

{ PRINARY  (BASIC)  NAP  RARE 

EXP 

-20.0,100. 

0,10. 0.1 5; LOW  LIH,  UP 

LIH,  DELTA. 

1  ITERS ( OCTAL )  CKI 

EXP 

-3.0.  3.0, 

3.0  {LONER  LINIT, 

UPPER  LIRIT 

.  DELTA  - 

AAIPHR 

{CR1PHR  -20 

TO  100  DEC  POR  AAIPHR 

-3.  0,  3 

DEC 

{AAIPHR  -  - 

3  DEC 

EXP3 : 

EXP 

-0.20, 

-0.10, 

-0.25, 

-0.50, 

-0.40 

EXP 

-0.10, 

0.59, 

0.63. 

1.09. 

1.37 

EXP 

1.69, 

0.03, 

0.0 

{AAIPHR  -  0 

DEC 

EXP 

-0.20, 

-0.10, 

-0.25. 

-0.50. 

-C.50 

EXP 

-0.50. 

-0.25. 

0.45, 

I.IO. 

1.3* 

EXP 

1.73, 

0.01, 

0.0 
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TABLE  B-l.  S-76A  SPECIHC  FILE  (Cont'd) 


jAAlPHR  -  3 

DEC 

EXP 

-0.20, 

-0.10, 

-0.25,  -0,50, 

•0.50 

EXP 

-0.50, 

-0.50, 

-0  35,  -0.20, 

0.80 

EXP 

1 .63, 

0.01, 

0.0 

t 

ROTOR  Z-PAC. fOR  ON  VERTICAL  TAIL  HAP  •• 

EZP3HP; 

: SI  VII 

;  RAP 

ARGUMENT 

1 : LOOR  UP  ROUTINE 

EXP 

CHIPHRII .AAlPHRII  , -INPUT  VARIABLE  11,  INPUT  VARIABLE  12 

EK2P3II 

, -OUTPUT  VARIABLE 

E2P3LO 

,-PRI 

HARY  (BASIC)  HAP  NAME 

EXP  -20.0,100. 

0 , 1 0 . 0 , 1 5 ; LOW 

LIH,  UP 

LIM,  DELTA,  1 I TEMS ( OCTAL ) 

cm 

EXP  -3 

o 

o 

.0  ; LOWER  LIMIT, 

UPPER  LIMIT,  0ELTA  -  AAl PHR 

! CHI PHR  0  TO 

100  DEC 

TOR  AAlTMR  -3,  0,  3  DEC 

; AA1 PHR  -  -3 

DEC 

EZP  3LO : 

EXP 

0.0, 

0.0, 

-0.12,  -0.04, 

0.95 

EX? 

1-45. 

1.97, 

1.99,  2.00, 

1.99 

EXP 

2.01, 

1.S6, 

1.05 

;AA1PKR  -  0 

DEC 

EXP 

0.0, 

0.0, 

-0.05,  0.0, 

0.20 

EXP 

1.03, 

1.53, 

2.07,  2.06, 

2.01 

EXP 

2.07, 

2.00, 

1.25 

; AAl PHR  -  3 

DEC 

EXP 

0.0, 

0.0, 

-0.01,  0.04, 

0.20 

EXP 

0.45, 

1.05, 

1.47,  1.77, 

2.08 

EXP 

2.24, 

2.21, 

1.50 

* 

rusiLAOi  initrrtBtnLt  un  me. 

VERTICAL  TAIL  1 J  (Mf PA) 

VERTICAL 

TAIL  DYNAMIC  PRESSURE  RATIO  HAP 

0P3RP: : 

BIVII 

;RAP 

ARGUMENT 

: LOOR  UP  ROUTINE 

EXP 

PS  INTI  1 , ALrvPM  jINPOT  VARIABLE  11,  INPUT  VARIABLE  82 
OPJOWPII  , -OUTPUT  VARIABLE 

OP3LO 

,- PP.1HARV  (BASIC)  HAP  NAME 

tXP  - 

20.0,20. 

0,4.0,13  ; LOW 

LIMIT,  UP  LIMiT  DELTA,  1  ITEMS ( OCTAL ). PS : 

EXP  - 

10.0,10. 

0.5.0  .-LOW 

LIMIT,  UP  LIMIT.  DELTA.  ALPWP 

,-LOW  ANCLE  HAP:PSIWP  - 

20  TO  20  DEC  FOR  ALrwr  -10,0,10 

; ALfWp  -  -10 

DEG 

QPJLO: 

EXP 

1.00, 

0.97. 

0.92,  0.89. 

0.84 

EXP 

0.75, 

1.00 

0.84, 

0.89,  0.92, 

0.97 

,-ALfwr  -  -5 

DEC 

EXP 

1.00, 

0.96, 

0.88.  0.85, 

0.77 

EXP 

0.72, 

1.00 

0.77, 

0.85.  0.88, 

0  96 

,-ALfwr  •  0 

DEC 

EXP 

1.00, 

0.95, 

0.B5,  0.12, 

0.71 

EXP 

0.70, 

1.00 

0.71, 

0.12.  0.B5, 

0.95 

;ALrwr  .  5 

DEC 

EXP 

1.00, 

0.93, 

0.83.  0.76, 

0.68 

EXP 

0.66. 

1.00 

0  61, 

0.76.  0.43, 

0  93 

,-ALrwr  -  10 

DEC 

EXP 

1.00. 

0.90. 

0  80 .  0.70. 

0 .64 

EXP 

0.62. 

1.00 

0.61, 

0.70.  0.10, 

0.90 

•  •  • 

BODY  DOWNWASN  ON  VERTICAL  TAIL  HAP 

•  • 

EPP311P  : 

: CONSTI 1 

1  HAP 

ARGUMENT 

; LOOK  UP  f  UTINE 

EPS  Pi  1 1  ; INPUT  VAR ! ABLE 

EPSP  Jll  : OUTPUT  V API ABLE 
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EPP3J1P 


TABLE  B-l.  S-76A  SPECIFIC  FILE  (Cont'd) 

INPUT  PAMUTCKS  POP  TAIL  ROTOR  (#A)  -  (BAILEY) 


I 


RTR : : 

4.0 

OHEGTR: 

:  168 .75 

BTR:  : 

4.0 

FSTR: J 

518.046 

WLTR: : 

162.879 

BLTR: : 

20.0 

TWSTTR: 

:  -8 . 0 

PIASTR: 

:  14 . 0 

GAMTR: : 

90.0 

DEL3TR: 

:  45 . 0 

OELTTR : 

:  .  002 

CHROTR: 

:  .  540 

ATR: : 

5.73 

BTLTR: : 

.92 

COTR;; 

2.0 

{  RADIUS, PT 

{TRIM  ROTATIONAL  RATE, RAO/SEC 

> actual  number  or  blades 

I  PUS E LACE  STATION, IN 

{WATERLINE  STATION, IN 

{BUTTLINE  STATION, IN  <*IVE  TO  PORT) 

; BLAOE  TWIST, DATUM  CENTER  OT  ROTATION, OEO 

{BLADE  PITCH  CORRECTION  TOR  N . L . TWIST! NEC  REOUCES  PITCN) 

{TAIL  ROTOR  CANT  ANCLE, OEC 

{FLAPPING  HINGE  OrTSET  ANCLE, OEC 

{RATE  Or  CHANCE  Or  CONE  ANCLE  WITH  THRUST , DEC/LB 

{BLADE  CHORO.rT 

{SLADE  LirT  CURVE  SLOPE, 1/RAD 

{BLADE  TIP  LOSS  FACTOR 

{TAIL  ROTOR.  MEAD  DRAG,rT**2 


;••• . TAIL  ROTOR  B  PARAMETERS** •••••• •••••••* . 

IBTR::0.67  {BLADE  MOMENT  OF  INTERTIA  ABOUT  BINGE,  liLUC-rT**2 

OROOTR. :0. 0087  {BLADE  SECTION  DRAG  COEFFICIENT,  WHERE 
OROITR: :-0.0216  {CD  -  DRDOTR  ♦  OROlTR*ALPHA  ♦  DRD2TR* ALPHA* *2 
DR02TR : : 0 . <  ; 

OROTTR : 1 . 0  ; COOE  FOR  Oi RECTION  OF  ROTATION 

TAUDTR : : 0 . 1  {DOWNWASH  LAC  TIME  CONSTANT 


ROTUR  INTERFERNCE  ON  TAIL  ROTOR  ( MRPA) 


EXTRHP: : CONST* » 

ERXP34I 

ERXTRM 


E2TRMP: : CONST* • 

ERZP3M 

ERZTRtt 


ROTOR  X- FACTOR  ON  TAIL  ROTOR  MAP  •• 
;HAP  ARGUMENT: LOOP  UP  ROUTINE 
{INPUT  VARIABLE 
{OUTPUT  VARIABLE 

{*•  ROTOR  2-FACTOR  ON  TAIL  ROTOR  MAP  •• 
{MAP  ARGUMENT :LOOR  UP  ROUTINE 
{INPUT  VARIABLE 
{OUTPUT  VARIABLE 


{ . VERTICAL  TAIL  INTERFERENCE  ON  TAIL  ROTO*  INFLOW  •••••• 

VBVTTR : : 30 . 0  ;  AIRSPEED  BRCAR  PT.  -  WO  BLOCKAGE  ABOVE, RT. 

RBVTTR : : . 895  ;  TAIL  ROTOR  BLOCKAGE  COEF.  AT  NOVER 


INPUT  PARAMETERS  FOR  EQUATIONS  OF  MOTION  ((A) 


FSCC : :  210.0 

WLCG: :  9S.4 

BLCG. :  0.0 


FUSELAGE  5TATIDN.OF  C . G . , INCH 

WATERLINE  5TATION  OF  C.G. , INCH 

BUTTLINE  STATION  OF  C . G. , INCH  <*IVE  TO  PORT) 


WEIGHT: :8750.0 
IX:;  2225.0 

IY::  12500.0 

12::  11041.0 

1X2::  12*4.0 

IYZ: :  0.0 

1XY : :  0.0 


{  AIRCRAFT  GROSS  WEIGHT. LBS. 

{  INERTIA  ABDUT  BOOY  X-AXIS . SLUG- FT* *2 
{  INERTIA  ABOUT  BOOY  Y-AXIS , SLUG-FT* *2 
{  INERTIA  ABOUT  BODY  l-AX I S . SLUG-FT* • 2 
{  CADSS  COUPLING  INERTIA, SLUG-FT** 2 


1*0 


Figure  »-l.  S-74A  IlirM-Vlw  Drawing 
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Figure  >-14.  S-76A  Horliooul  Tell  Lift  Hep 
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CtllPMA 


i.OC  C.OG 
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c  Preaaur* 
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Figure  B-21.  S-76A  Vertical  Tail  Drag  Hap 


4 


« 


^4 


Figure  1-22.  S-76A  Fuaelege  Sld*wa»h  oo  Vertical  Tell  Map 
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00 


Figure  S-24.  S-76A  Kelt)  Rotor  Dov  ub  on  Verticil  Tell  Hep  (i-dlrectlon) 


214 


APPENDIX  C 


CH-53E  MODEL  DATA 


The  CH-53E  (Figure  C*l)  ie  the  lergeet  assault  tremport  helicopter  in  the 
free  world.  It  ie  en  extensively  aodified  derivative  of  the  CH-53D  See 
Stelllon.  Ite  beeic  Deeign  Crose  Weight  ia  46,500  pounds,  end  with  internal 
loede  its  maximum  gross  weight  ie  69,750  pounds.  The  aeln  rotor  is  79  feet  in 
disaster  end  features  seven  blades.  Three  General  Electric  T64-6E-416  turbo* 
shaft  engines  power  the  CH-53E.  These  have  an  IE?  rating  of  4,113  shp  each. 
Approximately  400  CH*53E  helicopters  have  been  produced  in  two  basic  variants. 
CH-53E*  are  used  as  assault  transports  by  the  U.S.  Narine  Corps  while  MH*53Es 
are  used  primarily  as  aerial  mine  sweepers  by  the  U.S.  Navy. 

The  main  rotor  ie  of  conventional  articulated  deeign  with  coincident  flap  and 
lag  hinges.  The  hinge  offset  ie  6.33  percent.  The  Super  Stallion  main  rotor 
blades  also  employ  SC1095  airfoil  sections. 

The  tall  rotor  is  a  four-Lladed  unit  20  feat  in  diameter.  It  ie  of  conven* 
tional  semi -articulated  design  with  flapping  hinges  but  no  lag  hingea.  The 
fixed  horizontal  tail  is  mounted  to  the  top  of  the  vertical  fin  and  has  an 
area  of  56  aquare  feet.  Both  the  vertical  fin  and  tail  rotor  are  canted 
20  degrees  from  the  vertical.  The  tail  rotor  ia  a  pusher  type,  and  the 
horizontal  tail  ie  a  gull-wing  configuration  so  most  of  the  surface  is  horl* 
zontal ,  even  though  it  ia  attached  to  the  canted  fin. 

The  CH-53E  CenHel  simulation  was  already  operational  at  Sikoraky  and  has  bean 
extensively  validated  against  flight  taat  data.  Since  the  CH-53E  is  a  haavy 
lift  transport,  ite  evaluation  in  this  M/A  study  was  made  at  a  medium  gross 
weight  of  56,000  pounds  and  with  105  percent  rotor  speed.  The  up-speeded 
rotor  ie  used  operationally  for  aome  heavy-lift  misr'  -n. 

All  of  the  numerical  data  used  to  modal  the  CH-53E  are  provided  in  this 
appendix.  Table  C-l  ie  a  listing  of  all  the  input  data.  Figures  C*2  through 
C-24  are  plots  of  the  map  data  for  fuselage,  vertical  tail  and  horizontal  tail 
aerodynamics  along  with  plots  of  the  rotor  interference  and  fuselage  interfer¬ 
ence  data.  The  tabular  data  are  provided  with  appropriate  labels.  Map  data 
are  identified  with  CenHel  variable  namaa  provided  in  the  List  of  Symbols. 

For  the  CH-53E  modal,  the  panel  allocation  was  as  follows: 

HI  Horizontal  tall 
VI  Vertical  tail 
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TABLE  C-l.  CH-53E  SPECIFIC  FILE 


TITLE  CH53E  WITH  TIP  TANKS, CAPS,  FLEXIBLE  FUSELAGE  AND  ENGINES 
; . INPUT  PARAMETERS  FOR  WAIN  ROTOR  NODULES  <IA>  . 


« 


FSRR : :  336  .  S 

WLRR: :  259.0 

BLNR: :  0.0 

RHR::  39.5 

ONGTNR: :18.732 
BRR :  :  7.0 

I SRR  :  .-  -5.0 

I LNR : i  0.0 
DELSRR: :-10.0 
DEL3NR: :0.0 
KAF1NR: :0.0 
KAF2RR  s :0.0 
CHDTRR: :2.42 
CHDRRR : : 2 . 42 
OrSTNR:  -.2.5043 
SPRLMR : : 9 . 3  3 
WTBDRR: ; 652 . 0 
IBNR:.-  5914.0 
HBHR : :  249.0 

BTLNH: :  .97 
DCDNN : :  .002 
NBSRR : :  7 
N5SRR : :  5 
DELTH0: : .25 


}  FUSELAGE  STATION, INrHES 

l  WATERLINE  STATION,  INCHES 

,-  BUTTLINE  STATION.  INCHES,  < +VE  TO  PORT) 

,-  RADIUS, FT. 

,-  TRIM  ROTATIONAL  SPEEO  (100k) 

I  ACTUAL  NURBER  OF  BLADES 

1  LONGITUDINAL  SHAFT  TI LT, ( POS . BACKWARDS ), DEG 
;  LATERAL  SHAFT  TILT, ( POS . STARBOARD ), DEG 
;  SWASHPLATE  PHASE  ANGLE, DEG 
;  FLAPPING  HINGE  OFFSET  ANGLE, DEG. 

;  LAGGING  BINGE  OFFSET  COEF . ( FUNC ( LG ) ) 

!  LAGGING  HINGE  OFFSET  COEF . ( TUNCt LG»»2 ) ) 

)  BLADE  CHORD  AT  TIP, FT. 

}  BLADE  CHORD  AT  ROOT, FT. 

I  HINGE  OFrSET.rT . 
j  SINC-E  TO  START  OF  BLADE, FT. 

;  WEIGHT  OF  ONE  BLADE, LBS. 

;  BLADE  ROHENT  Or  INERTIA  ABOUT  HINGE, 5LUG-FT»»2 
I  BLADE  NASS  RONENT  ABOUT  BINGE, SLUG-FT»*2 
;  BLADE  TIP  CUT  OFF  RATIO 
;  DELTA  DRAG  COEr .  FOR  EACH  SEGRENT 
;  NURBER  OF  BLADES  SIMULATED, FIX  POINT 
;  NURBER  OF  SEGRENT5  S IRULATED , 1 1 X  POINT 
,-  RAIN  ROTOR  TWIST  DELTA 


;  •••  MAIN  ROTOR  NON-LINEAR  TWIST  NAP  ••• 


TWKRNP:  :UVRM 

X5EGRRI4 

TWSTRRII 

TWHRLO 


EXP  0.0,1.0,0.05 


; NAP  ARGUMENT  LOOK-UP  ROUTINE 
j INPUT  -  X  TROH  CENTER  OF  ROTATION 
; OUTPUT  -  TWIST  AT  BLADE  SFGRENT 
; NAP  NAME 

; LOWER  LIMIT, UPPER  LIRIT, DELTA 


TWKRLO-.  EXP 

0.0, 

0.0. 

0.0, 

0.0. 

0.0 

EXP 

o.o. 

0.0, 

-0.098, 

-0.625, 

-1.5S3 

EXP 

-2.542, 

-3.530, 

-I.S16, 

-5.504. 

-6.497 

EXP 

-7.447, 

-8.242, 

-8.823, 

-9.372, 

-9.830 

-10.667 


MAIN  ROTOR  DOWNWASB  SUBMODULE  ( 4A > 


KCTRN: :  1.0 

KCHHRr:  0.0 

KSLRR :  :  0.0 

TDWORR: : .01038 
TDWCHH :  :  0.0 
TDWSNR::  0.0 


J  TBRU5T  GAIN  TOR  UNI  TORN  DOWNVA5H 
J  PITCH. NOR. GAIN  FOR  DOWNWASH  SIN. HARMONIC 
I  ROLL  ROR . GAIN  FOR  DOWNWASH  COS. HARMONIC 
;  TINE  CONST. TOR  UNI  TORN  DOWNWASH  FI LTEM , SEC 
I  TIME  CONST. FOR  DOWNWASH  SIN. HARMON  TILTER. SEC. 
;  TIRE  CONST. FOM  DOWNWASH  COS . HARMON . LTER . SEC . 


FLAPPING  'I  AGGING  DAMPER  CALCULATIONS  (40 


KBP.HR::  0.0 
KBR.HR:  :0.0 


FLAPPING  HINGE  SPRING  CONST. FT-LBS/RAD 
FLAPPING  HINGE  DAMPER  CONST.  FT-LBS-SEC/RAD 


ALOHR:.-  2.4  0 
BLC-P:.-  27.983 
CLL.-?  .  :  0.0 
DLDH 1  :  8.835 

RLDM  9.312 


••SET  Or  ROUNTING  DIMENSIONS  TOR  LAG  DAMPER . INCHES* • 
DATA  WERE  REVISED  TO  NATCH  C/NH-53E  DAMPERS 
DAMPER  RATE  IS  FUNCTION  ONLY  OF  LAG  RATE 
ALiO  INTRODUCED  AIM-SPRING  PRE-LOAD  (TENSION) 

ALL  THIS  ON  13  JUNE  1988 
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TABU  C-l.  CH-53E  SPECIFIC  FIU  (Cant'd) 


LGOONRsjO.O  ;  ALIGNMENT  Off SET  IN  RELATION  TO  LAG.OEG 

THLONR : : 0 , 0  ;  riXEO  RLADE  PITCH  RELATIONSHIP  BET.  ARH  AND  THCUff 

ILOKR; s  4550.0  ;  INTERCEPT  Or  PRE-LOAD  FUNCTION,  L»» 

SLONR: j  5730.0  ;  SLOPE  Or  PRE-LOAD  (100  LH/DEG),  LRS/RAO 

l  TENSION  PROOUCES  A  NEGATIVE  LAG  NOTION 

j  •••  LAG  OAHPER  fORCE  VS  OAHP2R  ARM  RATE  •••  ♦ 

LONRNPi  .UVSUVS60  ,'HAP  ARGUHENT  -  LOOK-UP  ROUTINE 

LO.RRIK  A16 )  ;  INPUT  -  DAMPER  AXIAL  VEL  IN/SEC 

FLO . NRIS ( A16 )  ; OUTPUT  -  DAMPER  fORCE  LBS 

LCNRLO  l LON  RANGE  HAP  NAME 

EXP  0.0,1.0,0.x  ; LOWER  LIMIT, UPPER  LIMIT,  OELTA 

LONRH1  ; HIGH  RANGE  HAP  NAME 

EXP  1,0, 0.0, 1.0  ; LONER  LI'tTT, UPPER  LIMIT, OELTA 

;  REVISED  PROOUCTI0N  OAMPER  OATA  INSERTEO  10  PER  1900 

;  LON  RA.  -  MAP 

LOHALO:  EXP  0.0,  230.0,  500. 0,  1140.0,  1000.0 

EXP  2500.0,  3050.0,  3600.0,  3040.0,  3070.0 

3900.0 

,'  HIGH  RANGE  HAP 

LONRH1 :  EXP  3900.0,  4100.0,  4240.0,  4300.0,  4500.0 

EXP  4600.0,  4670.0.  4700.0 

;• . INPUT  PARAMETERS  fOR  fUSELAGE/WING  (»A) . * 

;••••••  COUNTING  POINT  Or  MOOEL  IN  NIND  TUNNEL  •••••• 

f SNf ;  ;  336.4  j  PUSELAGE  STATION, IN. 

NLHf::  161.4  ;  WATERLINE  STATION, IN. 

HLWf : :  0.0  ;  HUTTLINE  STATION , IN .( WE  TO  PORT) 

II  ::  0.0  ;  WING  INCIOENCE, OEG. 

; ••CN-53E  TAIL-Off  TANXS-ON  EAPS-ON  BOOT  OATA** 

;  UPDATEO  6-21-07 

{••fUSELAGE  LIfT  VS  ALPHA  MAP  CH-53E** 

; UPOATEO  WITH  SER-13491  INfO  0-21-07 

LQfHP  :  :UVRM  i  UN  I  VAX  I  ATE 

ALrwfll  ;WING-  US  ,-NGLE  Of  ATTACX, INPUT 

LQfM  ;rjSELAGE  LIfT.  fT  SO  .OUTPUT 

LQPLO  {NAME  or  PRIMARY  SET  Of  MAP  OATA 

EXP  -25.0,25.0,5.0  {ALFA  RANGE  ANO  DELTA  ALFA 

J (PSIWT  -  0) 

LQFLD i  EXP  -304.5,  -250."',  -177.4,  -  94.65,  -  45.0,  0.0 

EXP  42.5,  100.0,  172.5,  240.00,  304.5 

; **  FUSELAGE  ORAG  VS  ALPHA  MAP  CH-5  3E** 

;  UPDATE  WITH  SER-13491  INrO  6-21-07 
DOFHP:  :UVRM  .-UNIVARIATE 

ALfwril  ; IN  ALfA  W-f 

DOFI0 

DOfLO 

tXP  -25.0,25.0,5.0  j ALfA  RANGE  AND  DELTA  ALfA 

MPSIWT  -  0) 

DOfLO:  EXP  152.0,  116.0.  92.00.  72.0,  62.0,  5S.0 

EXP  42.0,  72.0,  90.00,  116.0,  154.5 
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TABLE  C-l.  CH-53E  SPECIFIC  PILE  (Cont'd) 


J**PUSE1»C-S  PITCH  RCHENT  V«  ALPHA  HAP  CH-S3E** 

;UPOATEO  WITH  SER-13491  INfO  6-21-87 
HQFHP:  :  UVR88  ; UNIVARIATE 

ALPWPM  J  IN  ALPA  V-r 

HOPM 
HQ  FLO 

EXP  -25.0,25.0,5.0  ; ALPA  RANGE  AND  OCLTA  ALPA 

;(psiwt  •  oi 

HQPLO:  EXP  -1175.2,  -1162.6,  -1126.2,  -  937.8,  -  502.0,  80.0 

EXP  603.0,  1200.0,  1622.9,  2227.2,  2354.0 


i  ••  FUSELAGE  LIFT  VS  P5I  HAP  CH-S3E“ 

; UPDATED  MITH  SEX-13491  INFO  8-21-87 
DLQFNP :  81 YM  ; BIVARIATE 

EXP  PSIHPM, ALPWPM  jIN  PSI  AND  ALPA 

OLQFM 

DLQFLO 

EXP  -25.0,25.0,5.0,13  jPSI  RANGE  WITH  OEL  PSI  ANO  13  POINTSIOCT) 
EXP  -10.0,10.0,10.0  ; ALPA  RANGE  WITH  DEL  ALPA 


j  (ALP  — 10) 

DLQFLO :  EXP  -60.4, 

-49.0, 

-36.0, 

-22.8, 

-  7 

.  <  . 

o 

o 

EXP  -  6.8, 

-20.5, 

-34.4, 

-44.4, 

-54 

.7 

;(ALP-  0  ) 

EXP  -37.3, 

-24.0, 

-12.7, 

-  5.4, 

-  1 

.0, 

0.0 

EXP  2.0, 

3.4, 

2.7, 

-  2.8, 

-18 

.9 

I  (ALP*  10) 

EXP  -  4.7, 

7.4, 

6.9. 

5.7, 

3 

.8, 

0.0 

EXP  15.0, 

16.5, 

11.2, 

9.5, 

-7 

.7 

•  •  • 

FUSELAGE 

DRAG  VS 

PSI 

HAP 

CH- S3  E* • 

; UPDATED  WITH  3ER-13491 

INFO 

6-21-87 

ODQFHP  :  :  ■  I VM 

; 8 I VARIATE 

EXP  PSIWPM  .ALPWPM 

;  IN 

PSI  ANO 

ALPA 

ODQPM 

DDQrLO 

EXP  -25.0,25.0,5.0, 

13  :  PS 

-.  RANGE, OEL  PSI. 

13  PTS  (OCT) 

EXP  -10.0,10.0.10.0 

;  AL 

A  RANGE, 

DEL  ALP 

O 

1 

fc. 

J 

< 

DDQPLO:  EXP  78.3, 

47.0. 

27.8, 

12.5, 

3. 

5, 

0.0 

EXP  5.3, 

13.8. 

29  6  . 

49.7. 

82  . 

0 

; ( ALP-  0  ) 

EXP  65.9, 

41.4, 

23.8, 

12.4, 

4  . 

2, 

o 

o 

EXP  2.5, 

9.0, 

20.0, 

38.3, 

66. 

8 

; ( ALP ■  10) 

EXP  60.2, 

35.7, 

18.5, 

8.  0. 

2. 

5. 

0.0 

EXP  3.5, 

9.5, 

20.9, 

36.4, 

56. 

7 
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TABLE  C-l.  CB-53E  SPECIFIC  FILE  (Coat  d) 


(••FUSELAGE  PITCH  HOHENT  KITH  PSI  CH-53E*« 
j UP DATED  WITH  SEP-13491  IHFD  1-21-47 
DHQFHP: : PI VI 4  jBIVAPIATE 


EXP  PSIMF44.ALFWF44  ; I «  PSI  AND  ALFA 
DHQF44 
DHQFLO 


EXP  -25.0,25.0,5.0 
EXP  -10.0,10.0,10. 

,13  jPSI 
0  J  ALP 

RANGE 

RANGE 

,  DEL  PSI 
,  DEL  ALF 

,13  PTS  (OCT) 

J  (ALF— 10) 

DHQFLO:  EXP  500.0, 

545.0, 

4(0.0, 

305.0, 

95.0,  0.0 

EXP  110.0, 

410.0, 

730.0. 

470.0, 

•  30.0 

HALF-  0  ) 

EXP  420. C, 

255.0, 

105.0, 

35.0, 

5.0,  0.0 

EXP  5.0, 

25.0, 

75.0, 

210.0, 

420.0 

J (ALF-  10) 

EXP  315.0, 

210.0, 

115.0. 

45.0, 

20.0,  0.0 

EXP  20.0, 

75.0, 

180.0, 

215.0, 

4(0.0 

(••FUSELAGE  SIDE  FDPCE  WITH  PSI  CH-53E** 
(  UPDATED  KITH  SEP-1349:  INFO  4-21-87 
TOFNP : i PIV4  4  jPIVAPIATE 


EXP 

PSIHF44, 

TQF44 

YQPLD 

ALFNF44 

1  IN 

PSI  AND 

ALFA 

EXP 

-25.0,25 

.0,5.0, 

13  (PSI 

PAN 

DEL  PSI, 

13  PTS (OCT) 

EXP 

-10.0,10 

.0,10.0 

(ALP 

RANGE, 

DEL  ALF 

HALF— 10) 

YOFLD 

EXP  - 

124.0, 

-  91.0, 

-  SS.O, 

-  30.0, 

-  11.0, 

0.0 

EXP 

13.0, 

31.0, 

(0.0, 

•  (.0, 

114.0 

HALF-  0  ) 

EXP  - 

152.0, 

-134.0, 

-105.0, 

-  75.0, 

-  34.0, 

0.0 

EXP 

25.0, 

50.0, 

74.0, 

112.0, 

144.0 

j (ALF-  10) 

EXP  - 

144.0, 

-157.0, 

-120.0. 

-  45.0. 

-  44.0, 

0.0 

EXP 

34.0. 

75.0, 

105.0, 

I  3  ( .  0  , 

1(4,0 

j  •  *  FUSELAGE  ROLL  HOHENT  WITH  PSI  CH-S3E— 
(••UPDATED  ALP-0  DATA  NITP  SEP  13491  INFO 


ROMP : :PIV44  jPIVAPIATE 


EXP 

PSIMFI4 , 
PQF44 

RQFLD 

ALFWF44 

(IN 

PSI  AND 

ALFA 

EXP 

-25.0,25 

.0,5.0. 

13  (PSI 

RANCE, 

DEL  PSI, 

13  PTS(DCT) 

EXP 

-10.0,10 

.0,10.0 

jALF 

RANGE, 

DEL  ALT 

j(ALF--IO) 

RQFLO :  EXP 

320.0, 

245.0, 

140.0, 

1 1 5. 0 , 

(0.0. 

0.0 

EXP  - 

30.0, 

-  85.0, 

-155.0, 

-230.0, 

-300.0 

HALF-  0  ) 

EXP  - 

100.0, 

-1(0.0. 

-200.0, 

-1*0.0, 

-150.0, 

-40.0 

EXP 

*0.0, 

225.0. 

340.0, 

335.0, 

275.0 

HALF-  10) 

EXP  - 

1(5.0, 

-1*0.0. 

-’ -5.0. 

-  40.0, 

-  20.0, 

45.0 

EXP 

115. 0. 

175.0. 

*55.0, 

240.0. 

1(0.0 
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TABLZ  C-l.  CH-53E  SPECIFIC  FILE  (Ccrat'd) 


I  *  •  TUSE  LAGE  YAW  MOMENT  WITH  PSI  CH-S3E“ 

;  • *UPDATED  ALT-0  WITH  SEP-13491  INrO  8-21-87 

NOFMP ; : BI VI 4  ; BIVARIATE 

EXP  PSIwrit.ALrwrtl  ;IN  PSI  AND  ALTA 
nqtm 

NQTi.0 

EXP  -25.0,25.0,5.0,13  ,-PSI  RANGE , DEL  PSI, 13  PTSiOCT) 

EXP  -10.0,10.0,10.0  ; ALF  RANGE, DEL  ALrA 

;  (ALr— 10) 

NQTLO :  EXP  -1620.0,-1630.0,-1550.0,-1320.0,-  660.0,  0.0 

EXP  690.0,  1200.0,  1510.0,  1640.0,  166n.O 

; ( ALF-  0  ) 

EXP  -1240.0,-1140.0,-  980.0,-  760.0,-  460.0,  -100.0 
EXP  270.0,  660.0,  1040.0,  1200.0,  1200.0 

j (ALT-  10) 

EXP  -  820.0,-  730. U,-  590.0,-  400.0,-  200.0,  0.0 
EXP  200.0,  400.0,  590.0,  770.0,  850.0 

;••••••  ROTOR  INTER  TERENCE  ON  THE  TUSELAGE  ( MRPA )  •••••• 

; * ‘ROTOR  DOWNWASH  ON  TUS.  EXXF  CH-S3E** 

; *  *  MAP  CHANCED  TO  BIV  AND  NEW  VALUES  INSERTED 
;  8-21-87.  NEW  WARL  HA?  TROM  IBM  ANALYSIS  PROGRAM 
;UNI PORM  DISTRIBUTION 

EXWTKP: :HI VII  ;A  UNIVARIATE 

EXP  CHI  PMRII  ,  AA1FMRI4  ,-IN  CHI  TIP  PATN  PLANE 
EKXWril  , -OUTPUT 

EXWTLO 

EXP  0.0,100.0,10.0,13  ; WHICH  VARIES  TROM  0  TO  100  DEG  IN  STEPS  CT  10 

EXP  -6. 0,6. 0,6.0 

,  Aa’.TMR— 6  DEG 

EXWTLO:  EXP  0.22,  0.32,  0.42,  0.52,  0.63,  0.74,  0.86,  0.90,  -0.8S 

EXP  -0.85,  -0.85 

,-  aAITMR-0  DEG 

EXP  0.09,  0.19,  0.29,  0.40,  0.49,  0.63,  0.76,  0.89,  -0.9 

EXP  -0.8,  -0.8 

;  AAlTMR-6  DEG 

EXP  -0.06,  0.04,  0.15,  0.27,  0.38,  0.50,  0.63,  -0.17 

EXP  -0.93,  -0.87,  -0.87 

; ••ROTOR  DOWNWASH  ON  TUS.  ERZT  CH-S3E** 

;  •  * MAP  WAS  REVISED  ON  8-21-87  BASED  ON  NEW  RUNS 
I  OF  IBM  ANALYSIS  USING  UNITORM  DISTRIBUTION 

EZNFMP; :BIVi(  |A  UNIVARIATE 

EXP  CNIPKRM , AA1FMRII  ;IN  CHI  TIP  PATH  PLANE 
ERZwrti 
EZWTLO 

EXP  0.0,100.0,10.0,13  ,-rROM  0  TO  100  DEG  IN  STEPS  Or  10 
EXP  -6.0.6. 0,6.0 


;  AA1THR--6  DEG 

EZWTL 3:  EXP  1.20,  1.20,  1.19,  1.18,  1.16,  1.15 

EXP  1.13,  1.11,  0.91,  0.71,  0.71 

;  AA1MR-0  DEG 

EXP  1.20,  1.22,  1.22.  1.23,  1.22,  1.23,  1.23 

EXP  1.23,  0.93,  0.73,  0  73 

I  AAlTMR-6  DEG 

EXP  1.20,  1.22,  1.23,  1.23,  1.27,  1.29,  1.30 

EXP  1.02,  0.90,  0.64,  0.64 
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TABLE  C-l.  CH-53E  SPECIFIC  FILE  (Cout'd) 


?*•*••  INPUT  PARAMETERS  FOR  HORIZONTAL  TAIL  Hi 


FSN1:  -. 

879.4 

;  FUSELAGE  STATION, INCH 

HLHI .- : 

302.7 

1  WATERL INC  STATION, INCH 

BLHl : : 

-48.0 

1  BUTTLINE  STATION , INCH ( *VE  TO 

PORT) 

SAH1: : 

58.0 

1  SURFACE  AREA  OF  PANEL  IP  NOT 

INCLUDE  IN  HAP 

IH1 :  : 

0.0 

;  TAIL  INCIDENCE, DEG 

CLB1HP:  :UVRM 

ALFBHltt 

CLH1M 

CLHlLO 

EXP  -90.0,90.0,5.0 


.-••HORIZONTAL  TAIL  LIPT  (CL)  HAP  CH-S3E** 

I  LIFT  UPDATED  USING  SER-13491  INFO  8-21-6? 

; UNIVARIATE  FOR  TAIL  A55EKBLY 
jIN  ALFA  HT 


I PROH  -90  TO  90  DEG  IN  STEPS  OF  5 


DEG 

;IHT- 


CLHlLO;  EXP 

0.0  , 

-0.11,-0.22, 

,-0.30,-0.38, 

-0.44,-0.49, 

-0.54, 

-0.58 

EXF 

-L.5S, 

-0.60,-0.59, 

,-0.58,-0.57, 

-0.60,-0.66, 

-0.77, 

-0.41 

EXP 

0.21, 

0.48,  0.63, 

.  0.57,  0.54, 

0.56,  0.58, 

0.59, 

0.59 

EXP 

0.58, 

0.54,  0.49, 

0.44,  0.38, 

0.30,  0.22, 

0.11, 

0.0 

0  DEG 
-0.05 


CDH1HP: :UVRI I 

ALFHH1II 

CDHlII 

CDHlLO 

EXP  -90.0,90.0,5.0 


^••HORIZONTAL  TAIL  DRAG  (CD)  HAP  CN-53E** 

; UPDATED  KITH  SER-13491  INFO  8-21-87 
; UN I VAR I ATE  FOR  TAIL  ASSEHBLY 
I  IN  ALFA  HT 


.FROH  -90  TO  90  DEG  IN  STEPS  OF  5  DEG 

;  IHT- 


0  DEG 


CDH1LO-.  EXP 

1.30, 

0.72, 

1.25,  1.20, 

1.14  , 

1.08, 

I. 01, 

0.94, 

0.87, 

0.80 

EX? 

0.64,  0.56, 

0.48, 

0.39, 

0.31, 

0.22, 

0.17, 

0.0'’,  0.05 

EXP 

0.07, 

0.12,  0.22, 

0.31, 

0.39, 

0.48, 

0.56, 

0.64, 

0.72 

EXP 

0.80, 

0.87,  0.94, 

1.01, 

1.08, 

1.14, 

1.20, 

1.25, 

1.3G 

ROTOR  INTERFERENCE  ON  THE  HORIZ  TAIL  HI  (HRFA) 


EXHlHP : : BIVi • 

EXP  CHIPHRII , AAlFHRI I 
ERXH1II 
EXHlLO 

EXP  0.0.100.0,10.0,13 
EXP  -6. 0,6. 0,6.0 


.-••ROTOR  DOWNNASH  ON  H.T,  ERXHT  CH-53E** 
;  UPDATED  8-21-87 
,- A  BIVARIATE 

; IN  CHITFF  AND  A1  FLAPPING 


,-MITH  CHITPP  PROH  0  TO  ICO  DEG. DEL  10,13(8)PTS 
; AND  AAlr  FROH  -6  TO  6  ,  DEL  6  DEG 
1 A1  P—6  DEG 


EXHlLO:  EXP  -0.70, 

-0.74, 

-0  ."’8, 

-0.80, 

-0.79, 

1 

o 

~-J 

KJ 

EXP  -0.59, 

-0.37,  1.55, 

, -A1P-0  DEG 

1.85, 

1.85 

EXP  -0.64, 

-0.65, 

-0.66, 

-0.65. 

-0.62, 

1 

O 

LP 

EXP  -0.45, 

-0.28,  -0.06, 
jAlF-6  DEG 

0.15, 

0,15 

EXP  -0.48, 

-0.52, 

-0.52, 

-0.51, 

-0.45, 

-0.43 

EXF  -0.35, 

-0.23, 

-0.06, 

0.14, 

0,14 
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TABLE  C-l.  CH-53E  SPECIFIC  FILE  (Cont'd) 


s 

••ROTOR  RCW. -’ASH 

ON  H.T. 

ERZHT 

CH-53E** 

\ 

•  •up-  A~r.o  s-*i-a 

EZHiflP: : P 1 V 1 1 

J 

A  BIVARIATE 

» 

EXP  CHIFHRIJ  ,  AA1  FHRM  J 

IN  CHI T P P  AND  M 

FLAPPING 

EKZH1M 

El H 1 LO 

EXP  0 . 0, 1 00 .0 , 10. 

0.13  ; 

TOR  CHITPP  rRDH 

0  TO  100 

DEG, DEL 

10,  13{8|  PTS 

EXF  -6  .  :  ,6. 0,6.0 

; 

AND  Al  Dr  -6,0,6 

DEG 

jAIF  —  6  DEG 

ELH1LO:  EXP  0.00, 

0.15, 

0.32,  0.52, 

0.74, 

0.97 

EXP  1.16, 

1.31, 

1.32,  1.18, 

1.18 

(AlF-  0  DEG 

EXP  0.20, 

0.28, 

0.41,  0.56, 

0.73, 

0.91 

EXP  1.09, 

1.24, 

1.27,  1.11, 

1.10 

;AIF»  6  DEG 

EXT  0.18, 

0.29, 

0.40,  0.51, 

0.63, 

0.77 

EXP  0.92, 

l  .  06 , 

1.16,  1.16, 

1.16 

FUSELAGE  INTERFERENCE  ON  HDRII  TAIL  Bl  (WFPA) 


ChlflP:  :  CONSTM 
[3.9) 
QHIQWFM 


l ••DYNAHIC  PRESSURE  RATIO  AT  H.T.  CH-53E«« 
; A  CONSTANT  VALUE  IS  USED 
1  EQUAL  TG  0.9 


j»»FUSELAGE  DDVNWASH  ON  HDRIZ.  TAIL  CH-53E** 


£PH1«P::UVRM  .-UNIVARIATE 

ALFWTM  ; ALFA  DEG  INPUT 

EPSH1M  ;  EPS  I  LON  DEG  OUTPUT 

EPH1LD 

EXP  -30.0,30.0,5.0  ; ALFA  RANGE  ANO  DEL  ALFA 

;BOrr  OOKUWASU  ON  HORIZONTAL  TAIL 
EPU1LD :  EXP  0.0,  -6.5,  -5.6,  -4.7,  -3.8,  -2.9,  -2.0 

EXP  -1.1,  -0.2,  0.7,  1,6,  0.0,  0.0 

!*«FUSELAGE  SIDEN.VSH  ON  HORIZ.  TAIL  CH-53E** 


EPU1LD :  EXP  0.0, 
EXP  -1.1, 


SCH1RP : ; CDNSTI I 
S1GV1 I I 
SIGH1M 


I A  VALUr  IS  USED  WHICH  IS 
; EQUAL  TO  THE  VERTICAL  TAIL 
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TABLE  C-l.  OJ-53E  SPECIFIC  FILE  (Cont’d) 


) . INPUT  PARAMETERS  POP  VERTICAL  TAIL  VI  <A> 

FSV1 : :  861.2 
WLV1 : ;  247.0 
BLV1 : :  0.0 
SAVl : ;  74.0 
IV1 : :  2 


) LITT  UPDATED  PEP  SEP  13491  INrO  8-21-87 

CLV1HP:  :UVPM 

BETWIlf  (IN  SETA  (-PSI  NT) 

CLV188 

CLV1LO 

EXP  -90.0,90.0,5.0  ; PROH  -90  TO  90  IN  STEPS  OP  5  OEG 

(IVT-  5  DEC 

CLV1LD:  EXP  0.0  ,-0.13,-0.22,-0.30,-0.37,-0.43,-0.49,-0.53,-0.56 

EXP  -0.59,-0.60,-0.61,-0.61,-0.66.-0.89,-0.77,-0.61,-0.43,-0.27 
EXP  -0.11,  0.05,  0.22,  0.38,  0.54,  0.70,  0.89,  0.79,  0.65 
EXP  0.60,  0.55,  0.50,  0.44,  0.38.  0.31,  0.23,  0.13,  0.0 

j * ‘VERTICAL  TAIL  DRAG  (CDVT)  NAP  CH-53E** 

;  DRAG  UPDATED  PER  SER  13491  INPD  8-21-87 
CDVlHP : : UVP4#  , -UNIVARIATE  PDR  TAIL  ASSEMBLY  (CD) 

BETW1M  ;  IN  BETA  (-PSI  NT) 

CDV1M 

COV1LD 


EXP  -90.0,90 

.0,5. 

0  (PPDM  -90  TD 

90  IN 

STEPS 

OP  5 

DEG 

;IVT« 

5  DEG 

CDVlLD :  EXP 

1.30, 

1.19,  1.10,  1.01, 

0.93, 

C.B4, 

0.76, 

0.69, 

0.61 

EXP 

0.53, 

0.47,  0.40,  0.34, 

0.29, 

0.24, 

0.20, 

0.16, 

0.14. 

0.11 

EXP 

0.09, 

0.10,  0.10,  0.11, 

0.12, 

0.15, 

0.18, 

0.23, 

0.29 

EXP 

0.36, 

0.45,  0.55,  0.66, 

0.80, 

0.93, 

1.05, 

1.18, 

1.30 

ROTOR  INTEPrEPENCE  ON  THE  VERTICAL  TAIL  HI  (HPPA)  *•* 

(••PDTOP  DOWNWASH  DN  V.T.  EKXVT  CH-53E** 
(UPDATED  8-21-87 


EXV1MP: :BIV*« 


EXP  CHI1*HRM,AA1PHRM 

EKXV1M 

EXV1LO 

EXP  0.0,100.0,10.0,13 

EXP  -6. 0,6. 0,6.0 

r 

.-ALP--6 

EXV1LD:  EXP  -0.70,  -0.77,  -0.88, 

EXP  1.62,  1.52,  0.58, 

-e  .93. 

;  .o. 

1.15, 

0.0 

1.36 

(ALP-0  DPS 

EXP  -0.65,  -0.88,  -0.94,  - 
EXP  -0.78,  -0.51.  2.84, 

•0.98. 

1 .80, 

-0.97, 

1.80 

-0.91 

,-ALP  -  6  DEG 
EXP  -0.73,  -0.75,  -0.77,  - 
EXP  -0.55,  -0.38.  -0.15, 

M  O 

8—  -J 

O 

-0.73, 

1.10 

1 

o 

c* 

-J 

(  PUSELAGE  STATION, INCH 
(  WATERLINE  STATIDN , INCH 
J  BUTTLINE  STATION.  INCURVE  TO  PORT) 

)  SURrACE  AREA  OP  PANEL  IP  NOT  INCLUDE  IN  MAP 
;  TAIL  INCIDENCE, DEG 

(  5  DEG  L.E.  RIGHT  IS  INHERENT  IN  W.T.  DATA 
(••VERTICAL  TAIL  LIPT  (CLVT)  RAP  CH-53E** 
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TABLE  C-l.  CH-53E  SPECIFIC  FILE  (Cont'd) 


(••ROTOR  DOWNVASH  OH  V.T.  SKIVT  CH-S3E** 
(UPDATED  8-21-87 


EZVlHPi : BIVI I 

EXP  CHI  PHRM ,  AA1FKRI t 

ERZV1M 

EZV1L0 

ex;  0.0,  100.0,  10.0,  13 

EXP  -6.0,  6.0,  6.0 

;A ir  -  -6 

E7V1LO::  EXP  -0.26,  -0.07,  0.12,  0.40,  2.65,  2.33,  2.00 

EXP  1.45,  0.64,  0.0,  0.0 

; ALP-0  DEG 

EX.'  -0.10,  0.08,  C.26,  0.48,  0.72,  0.97,  l.*l 

EXP  1.37,  1.80,  0.50,  r  SO 

(ALT  -  6  DEG 

*1.'  0.12,  0.27,  0.42,  0.58,  0.76,  0.95,  1.14 

EXP  1.29,  1.32,  1.18,  1.18 

; . .  INTERFERENCE  ON  VERTICAL  TAIL  Hi  <»*PPA)  ••• 

j • *  DYNAMIC  PRESSURE  RATIO  AT  V.T.  CH-53E** 

QVl;iP: ; CONST! I  ;A  CONSTANT  VALUE  IS  USED 

[ C . 9 ]  , -EQUAL  TO  0.9  KEV  6-15-79 

QVlQNrM 

(••TUSELAGE  DOWNWASH  ON  VERTICAL  TAIL  CH-S3C** 

EPV1HP: ;CONSTII  ;A  VALUE  IS  USED  WHICH  IS 

EPSH1M  ; EQUAL  TO  THE  HORIZONTAL  TAIL 

EPSV1M 

{••rUSELAGE  SIDEWASH  ON  VERTICAL  TAIL  CH-S3E" 

SCV1HP  -.  :  CON  ST  1 1  (A  CONSTANT  VALUE  IS  USED  (SG-SIGNA) 

(♦1.00)  , -EQUAL  TO  ♦l.OO  REV  8-21-87 

S1GV1M 
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TABLE  C-l.  CH-S3E  SPECIFIC  FILE  (Cont'd) 


)••••••  INPUT  PARAMETERS  FOR  TAIL  ROTOR  (#A)  -  (BAILEY) 


RTR : :  10.0 

OREGTR : :  73.205 
BTR : :  4.0 

F5TR: :  930.7 

WLTR: :  289.0 

BLTR: i  80.36 
TWSTTR::  -8.0 
BIASTRii  0.0 

GARTR : :  70.0 

OEL3TR: :  45.0 
DELTTR: i 0.0005 
CMROTR: :1 .283 
ATR : :  5.73 

BTLTR : :  0.92 

COTR::  2.0 


{RADIUS , FT 

jTRIH  ROTATIONAL  RATE , RAD/SEL’  t  lOOt  RAIN  ROTOR  5PEEO 

{ACTUAL  NURBER  OF  BLADES 

{FUSELAGE  STATION, IN 

{HATERLINE  STATION  .IN 

; BUTTLINE  STATION, IN < *VE  TO  PORT) 

{BLADE  TNI ST, DATUM  CENTER  OF  ROTATION, OEG 

{BLADE  PITCH  CORRECTION,  N.L.THIST  (NEC  REOUCES  PITCH) 

{TAIL  ROTOR  CANT  ANGLE, DEG 

{FLAPPING  HINGE  OFFSET  ANGLE, DEG 

{RATE  OF  CHANGE  OF  CONE  ANGLT  WITH  THRUST, DEG/LB 

; BLADE  CHORO.FT 

{BLADE  LIFT  CURVE  SLOPE, 1/RAD 

; BLADE  TIP  LOSS  FACTOR 

,-TAIl-  ROTOR  HEAD  ORAG,FT**2 


IBTRs:  38.22 

ORO0TR::  0.0087 
OROITR: : -0 . 0216 
ORD2TR: s  1.425 
OROTTR : :  -1.0 


;FOR  TRB 

{BLADE  RORENT  OF  INERTIA  ABOUT  HINGE , SLUG- FT* *2 

{BLADE  SECTION  ORAG  COEFFICIENT,  WHERE 

; CD- ORDOTR* OROITR* ALFA* DR02TR* ALFA* *2 

{1.167  FOR  lOOt  NR  CH-53E 

{OI RECTI ON  OF  ROTATION, (- )-UPPER  TIP  AFT 


{FOR  TRCFAL.KAC 
IRTR.-s  183.43  (FOR  DRIVE  LOSS 

{  FOR  DOWNHASH  LAG 

TAUDTR: :0. 01038  ;  TIRE  CONSTANT  SANE  AS  RAIN  ROTOR 


RAIN  ROTOR  INTERFERENCE  ON  THE  TAIL  ROTOR  (HRPA) 


{••RAIN  ROTOR  DOWNHASH  ON  TR  EKXTR  CH-53E** 
{••UPOATEO  8-21-87 


EXTRRP :  :BIV#» 

EXP  CHIPRRM  .AA1FRM4 
EKXTR* • 

EXTRLO 

EXP  0.0,  100.0,10.0,13 
EXP  -6. 0,6. 0,6.0 


,-ALF  -  -6 


EXTRLO {  EXP 
EXP  -0.34, 


EXP  -0.46, 
EXP  -0.34, 


EXP  -0.43, 
EXP  -0.32, 


•0.46,  -0.53, 

2.59,  1.85, 

{ALF 

-0.50,  -0.54, 

-0.15,  0.03, 

{ALF 

-0.45,  -0.47, 

-0.17,  0.03, 


0.58,  -0.62, 

1.85 

-  0 

-0.56,  -0.56, 

0.03 

-  6 

-0.48,  -0.48, 

0.03 


-0.63,  -0.61, 

-0.54,  -0.47 

-0.46,  -0.41 


-0.52 
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TABLE  C-l.  CU-53E  SPECIFIC  FILE  (Coot'd) 


;»»KMN  ROTOR  OOWNWASH  ON  TR  EKZTR  CH-53E** 
;UPC.\TEO  8-21-87 

E2TRMP: : S I v  M 

*  EXP  CHIPMRM, AAlTKRM 

E  r. :  T  r  <  # 

•  E2TRL0 

EXP  0.0,100.0,10.0,13 
EXP  -6  .  0 , 6 . 0,6 . 0 

;ALT-  -6 

*  E2TRLO :  EXP  0.0,  0.09,  0.22,  0.38,  0.57  .  0.80,  .1.02 


EXP 

1.16, 

1.14,  0.90,  0.90 

EXP 

EXP 

0.0, 

1.10, 

; ALT  -  0 

0.14,  0.25,  0.38, 

1.14,  0.95,  C.95 

0.54, 

0.73, 

0.92 

EXP 

EXP 

0.0, 

0.97, 

; ALP*  6  CEG 
0.17,  0.26,  0.37, 

1.10,  0.98,  0.98 

0.49, 

0.64, 

0.80 

rUSELACE  INTERPERENCE  ON  TAIL  ROTOR  (KPPA)  -••••• 

;«*DYNAHIC  PRESSURE  RATIO  AT  T.R.  CH-53E** 


QTRHP: :CONSTM  ;A  VALUE  IS  USEO  WHICH  IS 

QVlQWrM  ; EQUAL  TO  THE  VERTICAL  TAIL 

QTRQWTM 


;  *  *  TUSELAGE  OOWNWASH  ON  TAIL  ROTOR  CH-53E** 


EPTRHP  :  :CONSTM  ;A  VALUE  IS  USEO  WHICH  IS 

EPSVill  ; EQUAL  TO  THE  VERTICAL  TAIL 

EPSTRM 


; *  *  FUSELAGE  SIDErtASH  ON  TAIL  ROTOR  CH-53E** 

SCTRnr : :CONSTll  ;A  VALUE  IS  USiO  WHICH  Is 

SICV1M  ;  EQUAL  TU  THE  VERTICAL  TAIL 

SICTM4 


VERTICAL  TAIL  INTER  TERENCE  ON  TAIL  ROTOR  INTLOW 


VBVTTR :  :  4  0.0 
KBV7TR : :  0.862 


AIRSPEED  ^?"AK  PT .  -  NO  BLOCKAGE  ABOVE, KT. 
TAIL  ROTOR  BLOCKAGE  COEf.  AT  HOVER 
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TABLE  C-l.  CH-53E  SPECIFIC  TILE  (Cent* d) 


; .  INPUT  PARAMETERS  TOR  EQUATIONS  OF  NOTION  (»A)  . 

FSCC: :  35S.0  ;  FUSELAGE  STATION, Or  C.G..INCH 

WLCG: :  162.3  ;  WATERLINE  STATION  OF  C.G..INCE  * 

BLCG : i  0.0  j  BUTTLINE  STATION  OF  C.G. , INCH( *VE  TO  PORT) 

WEIGHT::  46000.0  ;  AIRCRAFT  GROSS  WEIGHT, LBS. 

IX::  60539.0  I  INERTIA  ABOUT  BODY  X-AXIS, SLUG-FT«*2 

IT::  29669  4 . 0  f  INERTIA  ABOUT  BODY  Y  AXI S , SLUG-FT* »2 

12:;  275834.0  ;  INERTIA  ABOUT  BODY  2  AXIS , SLUG-FT»*2  ' 

1X2::  23343.0  ;  CROSS  COUPLING  INERTIA, SLUG-FT** 2 

IXY : :  0.0 

1 YZ : :  0.0 


INPUT  PAXANETERS  FOR  NOASE  (4A! 
;  ••  NO  NIXING  AND  NO  PBA  *• 


A1SUL : :  10.2 
AlSLL :  :  -9.8 
BIS JL :  :  18.0 
BlSLL: :  -8.0 
TH0UL : : 22 . 047 
TH0LL :  :  4  447 
THRUL : :  24.0 
THRLL : : - 1 0 . 0 


;  A1S  UPPER  LIMIT, RIG  COLL  AND  PED 
;  A1S  LOWER  LIMIT 

;  BIS  UPPER  LIMIT, RIG  COLL  AND  PED 
I  BIS  LOWER  LIMIT 

l  THETA0  UPPER  LIMIT, THETA. 75U  -  14.6 
S  THETA0  LOWER  LIMI^, THETA. 75L  -  -3.0 
;  THETTR  UPPER  LIMT,  RIG  COLL 
;  THETTR  LOWER  LIMIT,  RIG  COLL 


XAUL : :  9.25 
XALL: :  0.0 
XBUL : :  8.956 
XBLL : :  0.0 
XCUL : :  11.0 
XCLL: :  0.0 
XPUL : :  4.173 
XPLL; :  0.0 


;  LAT  STICK  UPPER  LIMIT 
l  LAT  STICK  LOWER  LIMIT 

i  LONG  STCR  UPPER  LIMIT,  PBA  CENTERED  (0  AT  120  KN ) 
l  LONG  STCX  LOWER  LIMIT 

i  COLL  STCK  UPPER  LIMIT,  WITH  INACTIVE  1  INCH 
;  COLL  STCK  LOWER  LIMIT 
I  PEDAL  UPPER  LIMIT,  NO  OVERTRAVEL 
;  PEDAL  LOWER  LIMIT 
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APPENDIX  D 


The  AH-64A  Apeche  (Figure  D-l)  Is  the  U.S.  Army's  latest  attack  helicopter. 
It  la  a  medium-size  single- rotor  helicopter  designed  to  meet  stringent  U.S. 
Army  specifications.  It  is  fitted  with  an  extensive  avionlca  suite  including 
a  Target  Acquisition  Designation  System  and  Pilot's  Night  Vision  System 
(TADS/PNVS)  and  employs  a  McDonnell  Douglas  M230  30na  turreted  gun.  The 
Apache  was  designed  to  have  high  levels  of  maneuver ability  and  agility  and  to 
be  survlvable  in  the  battlefield  snvironment.  Approximately  400  era  in 
service  with  the  U.S.  Array.  The  Apache  has  a  BDCV  of  14,770  pounds,  a  rotor 
diameter  of  4R  feet  and  Is  powered  by  two  Cenerel  Electric  T700-CE-701  turbo* 
shaft  engines  with  an  IRP  of  1698  shp  each. 

The  four-bleded  main  rotor  is  of  articulated  design.  Flapping  hinge  offset  is 
3.8  percent  of  the  rotor  radius  while  the  lag  hinge  la  at  12  percent.  Hughes 
HH02  airfoil  section  is  used  for  the  stain  rotor.  The  four-bladed  tall  rotor 
is  9  feet  2  inches  in  diameter  and  of  a  scissored  configuration.  Blade 
spacing  is  55/12$  degrees  to  reduce  noise.  A  33.4-square-foot  stabllator  is 
mounted  at  the  base  oi  the  vertical  fin. 

The  fuaelage  is  of  conventional  aluminum  aemimonoque  construction.  It  has  a 
narrow  width  typical  of  attack  helicopters  and  features  tandem  seating  for  the 
pilot  and  gunner.  <e  copilot/gunner  sits  in  the  front  seat  while  the  pilot 
sits  in  the  rear.  Small,  low  aspect  ratio  wlngs/stores  pylons  are  fitted  to 
each  side  of  the  fuaelage.  These  are  detachable  for  transport  and  storage. 
Flight  controle  are  of  conventional  hydromechanical  design  but  with  additions' 
features  to  provide  ballistic  tolerance. 

Since  a  CenHel  simulation  of  the  Apache  did  not  exist  at  Sikorsky,  the  first 
task  was  to  prepare  the  input  data  files.  Most  of  the  numerical  data  defining 
Che  AH-64A  were  available  from  Reference  7.  These  data  were  converted  to  fit 
the  CenHel  format.  For  example,  the  fuaelage  aerodynamics  in  C-81  are  pre¬ 
sented  sa  a  sum  of  coefficients  times  various  tr igonome cr ic  functions  of 
angle-ot -attack  and  sideslip  angle.  In  CenHel,  simple  table  look-ups  or  maps 
ure  used  for  these  data.  The  Cszulal  ajpi  are  constructed  to  have  even  incre¬ 
ments  and  to  have  a  small  angle  region  with  fine  increments  snd  a  large  angls 
region  with  coarser  Increments. 

While  the  C-81  approach  is  more  compact,  it  has  limitations.  The  wind  tunnel 
test  data  must  be  fitted  to  the  series  representation  available.  In  addition, 
the  resulting  coefficients  have  no  physical  significance.  Any  errors  in  them 
are  not  readily  detectable  by  the  user.  Finally,  knowing  the  coefficient  doee 
not  ensbla  one  to  know  where  the  maximum  lift  point  is  or  when  the  zero  moment 
occurs.  The  CenHel  maps  on  the  other  hand,  are  derived  directly  from  the 
wind  tunnel  data.  All  of  the  characteristics  of  that  data  are  fully  repre 
sented.  No  “smoothing*  or  “fitting*  is  required.  More  importantly,  the  input 
(argle-of-attack)  and  output  (fuselage  llft/q)  data  are  in  normal  physical 
units.  Any  errors  in  the  data  are  readily  date ’table  by  the  uetr.  The  shape 
of  the  data,  points  of  maximum  value,  or  zero  cross-over  are  readily  ava^l- 
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able.  In  addition  to  the  available  C- 81  data,  othsr  Information  was  ra* 
qulrad.  Tha  affact  of  fuselage  aerodynamic  intarfaranca  on  tha  ampennegs 
naaded  to  ba  modeled  aa  wall  a a  tha  affact  of  rotor  wake  impingement  on  both 
the  fuaalaga  and  empennage.  Fuaelage  intarfaranca  affacta  wara  bueed  on  BLACK 
HAWK  data  for  downwaah,  aldawaah  and  dynamic  preaaura  loaa.  Rotor  interfer* 
a nee  velocities  vara  calculated  using  an  existing  Hayaon-mathod  coaputar  coda. 

Tha  AH-64A  control  ayateai  vaa  mode lad  using  data  avallabla  In  Refsrsncss  8, 
9  and  10.  Stick  to  head  rigging  was  represented  simply  aa  a  gain  and  a  blaa. 
Tha  atabllator  positioning  logic  vaa  based  on  data  provided  in  Reference  D-10. 
Trim  correlation  with  data  from  tha  same  reference  are  shown  in  Figures  D-2  to 
D-9.  These  vers  evaluated  for  the  conditions  of  Figure  16  of  Reference  10: 

GW  -  14,770  pounds 
FSCG  -  206.7 

Density  Altitude  -  10,000  feat 
Rotor  Speed  -  100  percent 

As  can  be  seen,  correlation  was  vary  good.  Fitch  attitude  was  generally 
within  one  degree  and  etlck  positions  within  one-half  Inch.  Stabllator  and 
power  required  data  were  also  Judged  to  have  good  corrslatlc  l. 

The  SCAS  system  was  not  modeled  as  It  vaa  not  really  required  for  this  M/A 
study  and  a  detailed  modeling  of  the  system  was  beyond  the  scope  of  the 
current  effort.  Evaluation  of  the  flight  dynamics  was  difficult  because  most 
of  the  data  vers  flown  SCAS  on.  One  CCAS-off  longitudinal  pulse  was  available 
In  Reference  10.  The  CenHel  correlation  results  are  presented  in  Figure  D-9. 
The  simulation  Is  somewhat  more  responsive  than  the  aircraft,  but  the  frequen¬ 
cy  and  amplitudes  of  the  responses  are  well  matched. 

All  of  the  numerical  data  used  to  model  the  AH-64A  are  provided  in  this 
appendix.  The  first  section  Is  a  listing  o L  all  the  input  data  (Table  D-l). 
The  second  section  presents  plots  of  the  map  data  for  fuaelage,  vertical  tall, 
horlxontal  tall  end  wlng/storee  support  aerodynamics  along  with  plota  of  the 
rotor  Interference  end  fuselage  Interference  data  (D-9  to  D-27).  The  tabular 
data  are  provided  with  approprlete  labels.  Hap  data  are  Identified  with 
CenHel  variable  names  provided  In  the  List  of  Symbols. 

For  the  AH  -  64a  modal,  the  panel  allocation  was  a a  follows: 

1.  Right  horlxontal  tall 

2.  Left  horlxontal  tall 

3.  Vertical  tell 

4.  Right  wlng/etores  support 
3.  Left  wlng/storee  support 


TABLE  D-l.  AH-64A  SPECIFIC  FILE 


!••*•••  input  parameters  for  rain  rotor  modules  <  •  a .  > 


FSMR : : 

190.61 

WLMR :  : 

215.94 

BLMR : : 

0.0 

RNR:  : 

24.0 

OMCTMR: 

:  3  0 . 26  40 

BMR  :  : 

4.0 

ISMR:  : 

-5.0 

I LMR :  : 

0.0 

DELS HR : 

:-S.O 

DEL3MR: 

:  0 . 0 

RAFlMR: 

:  0 . 0 

XAF2MR: 

:0  .0 

CHDTMR: 

:  1 . 75 

CIIDRMR : 

:1.7b 

OFSTMR : 

: 0 . 91 7 

SPRLMR : 

:  2 . 4  2 

WTeOHR: 

:  1 5  6 . 6 

I BMR:  : 

1060.4 

MBMR •  : 

64.36 

TUNC.  - 

943.0 

PTLMR:  : 

.97 

DCDMR  •  : 

.002 

NBSMR  :  : 

4 

NSSMR : : 

5 

1  FUSELAGE  STATION, INCHES 

j  WATERLINE  STATION, INCHES 

j  BUTTLINE  STATION, INCHES  (*IVE  TO  PORT) 

;  RADIUS, TT. 

;  TRIM  ROTATIONAL  SPEED , RAD/SEC 
;  ACTUAL  NUMBER  Or  BLADES 

j  LONGITUDINAL  SHAFT  TI LT , i POS . BACKWARDS ) , DEG 
i  LATERAL  SHAFT  TI LT . I POS . STAR20ARD ) , DEG 
;  SWASHPLATE  PHASE  ANGLE, DEG 
;  FLAPPING  HINGE  OFFSET  ANGLE. DEG. 
i  LAGGING  HINCE  OrrSET  COEr . I FUNC ( LG ) ) 

1  LAGGING  HINGE  OFFSET  COEF . < FUNC ( LG* *2 )) 

;  BLADE  CHORD  AT  TIP.TT. 
i  BLADE  CHORD  AT  ROOT, FT . 

I  HINGE  OFFSET, FT. 

;  HINGE  TO  START  OF  BLADE , FT . 
j  WEIGHT  OF  ONE  BLADE, LBS. 

I  BLADE  MOMENT  OF  INERTIA  ABOUT  HINGE , SLUG- FT* • 2 
;  BLADE  HASS  MOMENT  ABOUT  HI NGE , S LUG- FT 
-  ROTATING  INERTIA  OF  DRIVE  TRAIN 
;  (DUAL  ENGINE  FAILURE),  SLUG-rT**2 
;  BLADE  TIP  CUT  OFF  RATIO 
i  DELTA  DRAG  COET.  FOR  EACH  SEGMENT 
j  NUMBER  OF  BLADES  S I HULATED , F I X  POINT 
I  NUMBER  OF  SEGMENTS  SIMULATED, FIX  POINT 


TWMRMP : 


EXP 


;  ••  MAIN  ROTOR  NON-LINEAR  TWIST  HAP  •• 

;  •*  TWIST  IS  LINEAR  ON  AH-64A  •• 

:UVRM  ;HAP  ARGUMENT : LOOR  UP  ROUTINE 

XSEGMRIf  ;INPUT  VARIABLE 

TWSTHM i  jOUTPUT  VARIABLE 

TWMRLO  j  MAP  NAME 

0.0,1.0,0.10  j  LOWER  LIMIT, UPPER  LIMIT, DELTA 


TWMRLO: 


EXP 

EXP 

EXP 


0.00, 
-4.  SO. 
-9.00 


0.00, 

■S.40, 


-1.80, 

-6.30, 


-2.70, 

-7.20, 


-3.60 

-e.io 


MAIN  ROTOR  DYNAMIC  TWIST  SUBMODULE  ((A) 


K0TWHP: : UVAI I 
VXTII 
KDTWMRM 
ROTWLO 

EXP  100.0,150.0,50.0 
ROTWLO:  EXP  - . 0 0 0 1 , - . 00 052 


MAIN  ROTOR  DOWNWASH  SUBMODULE  <»A> 


RCTMR : :  1.0 

RCMMR : :  0.0 

RSLMR : :  0.0 

TDW0MR: :  0.01038 
TDWCMR : :  0.0 
TDWSMR: :  0.0 


;  THRUST  GAIN  FOR  UNIFORM  DOWNWASH 
;  PITCH. NON. GAIN  FOR  DOWNWASH  SIN. HARMONIC 
;  ROLL  MOM. GAIN  FOR  DOWNWASH  COS.NARMONIC 
;  TIME  CONS'  . FOR  UNIFORM  DOWNWASH  FI  LTER . SEC 
j  TIME  CONST . FOR  DOWNWASH  S I N . HARMON . ri LTER . SEC 
I  TIME  CONST. FOR  DOWNWASH  COS . HARMON . FI LTER ,  SEC 


FLAPPING/LAGGING  DAMPER.  CALCULATIONS  !#C> 


RBRMR:  :  0.0 
KBR . MR:  :  0 . 0 


FLAPPING  HINGE  SPRING  CONST. FT-LBS/XAD 
FLAPPING  HINGE  DAMPER  CONST,  FT-LHS-SEC/RAD 


J  •  •  jet  DF  MOUMTIWG  DIMENSIONS  FOR  LAG  DAMPER ,  INCHES •  • 
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TABLE  D-l.  AH-64A  SPECIFIC  FILE  (Coot'd) 


XLDHR: :  0.227 
BLDHR: :  3.242 
CLDHR : :  12.040 
D  LDHR::  10.0102 
RLDHR : :  6.896 
LGODHR: :  7 . 0 
1HLDRR : 1 1 7 . 46 1 


( 

t 

) 

» 


( 

i  alignment  orrstr  in  relation  to  lac. dec 

(  FIXED  BLADE  PITCH  RELATIONSHIP  BET.  AIM  AND  TMCUfr 


(  •*  BLACK  HAWK  LAC  DAMPEN  FORCE  VS  LAC  DAMPER  AIM  KATE 
LDHKMP : iUVSUVSM  (MAP  ARGUMENT : LOOK  OP  KOOT1NE 

LD.HRM(A16)  lINPUT  V  API  ABLE 

FLD  .HRM (A16 )  (OUTPUT  VARIABLE 


LDHRLO  (LON  NANCE  MAP  NAME 


EXP 

0.0,2. 

0,0.1 

(LOWER 

LIMIT, UPPER 

LIMIT, OELTA 

LDHRHI 

(HIGH 

RANGE  HAP  NAME 

EXP 

2.0.7. 

0.1.0 

(LOWER 

LIMIT, UPPER 

LI HIT, DELTA 

I  LOW 

ANGLE  MAP  t 

LD.HR  0  TO  2. 

0  ,  DELTA  - 

.1 

LDMRLO: 

EXP 

0.0, 

30.0, 

90.0, 

160.0, 

280.0 

EXP 

490.0. 

720.0, 

950.0, 

1190.0, 

1400.0 

EXP 

1630.0, 

1860.0, 

2090.0, 

2310.0, 

2530.0 

EXP 

2770.0, 

2980.0, 

3200.0, 

3310.0, 

3370.0 

EXP 

3410.0 

(  HIGH 

ANGLE  HAP: 

LD.HR  2.0  TO 

i  7.0  ,  DELTA 

-1.0 

LDHRHI  ; 

EXP 

3410.0, 

3550.0, 

3615.0, 

3610.0, 

3745.0 

EXP 

3815.0 

;••••••  INPUT  PARAMETERS  PDR  FTJ  It  LAG  E/WING  ((A)  •••••• 

(••••••  MOUNTING  PDINT  FDR  HDDEL  IK  WIND  TUNNEL  •••••• 

rSNPs!  208.0  J  FUSELAGE  STATION. IN. 

NLWP :  :  142.0  (  WATERLINE  STATION. IN. 

BLWF :  :  0.0  I  IUTTLINE  STATION, IN.  <-IVE  TO  PORT) 

INF::  0.0  (  WING  INCIDENCE. DEC. 


;  ••  AB-64A  FUSELAGE  LIFT  (TAIL  OFF)  VS  ALFWF 


LOFMP:  :UVRUVRM 


(MAP  ARGUMENT: LOOK  UP  ROUTINE 


ALPWFM 

(INPUT  VARIABLE 

LQFt  1 

(OUTPUT  VARIABLE 

LQPLD 

(LOW  ANGLE  MAP  NAME 

EXP 

-30.0, 

30.0.5.0 

(LOWER  LIMIT, UPPER 

LIMIT, DELTA-LOW  ANGLE 

LOFHI 

(HIGH  ANGLE  HAP  NAME 

EXP 

-90.0, 

90.0,10.0 

(LOWER  LIMIT, UPPER 

LIMIT, OeLTA-HIGI  ANGLE 

1 

LOW  ANCLE 

MAP:  ALFWF  -30  TO  30  , 

DELTA- 5 

LOPLO: 

EXP 

-45.0, 

-40.0,  -34.0, 

-21.0, 

20.0 

EXP 

-11. 0, 

-I . 0 ,  12.0, 

25.0, 

41.0 

EXP 

56.0, 

65.0,  71.0 

( 

HIGH  ANGLE 

MAP:  ALFWF  -90  TO  90 

,  DELTA- 10 

LQFHI : 

EXP 

0.0, 

-19.0,  -34.0, 

-44.0, 

50.0 

EXP 

-51.0. 

-45.0,  -34.0. 

-20.0, 

-1.0 

EXP 

25.0, 

56.0,  71.0, 

76.0, 

74.0 

EXP 

64.0, 

50.0,  30.0, 

0.0 

( 

••  AB-64A 

FUSELAGE  DRAG  (TAIL  OFF)  VS  ALFWF 

DQPflP : 

CURIUM 

(MAP  ARGUMENT :LOOR 

UP  ROUTINE 

EXP 

ALFWPt I.PSIWFII 

(INPUT  VARIABLE  91, 

INPUT  VARIABLE  *2 

DOFCI 

{ OUTPUT  VARIABLE 

dofld 

(LOW  ANCLE  HAP  NAME 

EXP 

-30.0, 

30.0,5.0,15 

(LOWER  LIH, UPPER  LIH 

,  DELTA ,  « I  TENS  ( OCTAL  ),  AL  FWF 

EXP 

-20.0, 

20.0,10.0 

(LOWER  LIMIT, UPPER 

LIMIT, DELTA, PSIWF 

DOril 

(HIGH  ANGLE  HAP  NAME 

EXP 

-90. C, 

90.0,10.0,23  *  LOWER  LIH, UPPER  LIH 

.  OELTA. t ITEMS ( OCTAL ) .ALFWF 

EXP 

-20.9, 

20.0,10.0 

(LOWER  LIMIT, UPPER 

LIBIT, DELTA, PSIWF 

TABLE  D-l .  AB-MA  SPECIFIC  FILE  (Coat'd) 


I  LOW  ANCLE  NAP;  ALrwr  -30  TO  30, DELTA-5,  PSW— 20  TO  +20 

i  psiwr  -  -20 


DQrLO:  *XP 

71.0, 

60.5, 

66.0, 

62.0, 

50.5 

EXP 

57.0, 

56.0, 

57.0, 

50.5, 

61.5 

EXP 

65.0, 

60  0. 

70.0 

t 

psiwr  -  -io 

EXP 

66.0, 

62.0, 

54.0, 

45.0, 

39.5 

EXP 

36.0, 

35.0, 

35.0, 

30.0, 

43.0 

EXP 

52.0, 

60.0, 

66.0 

t 

psiwr  -  o 

EXP 

61.0, 

56.0, 

45.0, 

36.0, 

31.0 

EXP 

20.0, 

27.0, 

27.0, 

29.0, 

34.0 

EXP 

«5. r. 

56.0, 

62.0 

) 

psiwr  -  +io 

EXP 

66.0, 

62.0. 

54.0, 

45.0, 

39.5 

EXP 

36.0, 

35.0, 

35.0, 

30.0, 

43.0 

EXP 

52.0, 

60.0, 

66.0 

» 

psiwr  -  +20 

EXP 

71.0, 

60.5, 

66.0, 

62.0, 

30.5 

EXP 

57.0. 

56.0, 

57.0, 

bfi.S, 

61.5 

EXP 

65.0, 

60.0, 

70.0 

1 

BICS  ANCLE  RAP:  ALPTfE  -90 

TO  90, 

DELTA 

•io,  psiwr- 

-20  TO  < 

J 

psiwr  -  -20 

oorni :  exp 

84.0, 

02.0, 

00.0, 

79.0, 

77.0 

EXP 

74.5, 

71.0, 

66.0, 

SO. 5. 

56.0 

EXP 

se.s, 

65.0, 

70.0, 

74.0, 

77.0 

EXP 

79.0, 

01.0  . 

02.0, 

03.0 

s 

psiwr  -  -io 

rrp 

04.0, 

02.0, 

00.0, 

70.0, 

75.0 

EXP 

71.5. 

66.0, 

54.0, 

39.5, 

35.0 

EXP 

36.0, 

52.0, 

66.0, 

72.0, 

76.0 

EXP 

70.5, 

01.0, 

02.0, 

03.  C 

; 

psiwr  -  o 

EXP 

04.0, 

02.0, 

00.0, 

77.0, 

73.0 

EXP 

69.0, 

61.0, 

45.0, 

31.0, 

27.0 

EXP 

29.0, 

45.0, 

62. C, 

70.5, 

75.0 

EXP 

70.0, 

01.0, 

02.0, 

03.0 

1 

psiwr  -  *10 

EXP 

04.0, 

02.0, 

00.0, 

70.0, 

75.0 

EXP 

71.5, 

66. C, 

54.0, 

39.5, 

35.0 

EXP 

30.0, 

52.0, 

66.0, 

72. 0, 

76.0 

EXP 

70.5, 

01.0, 

02.0, 

03.0 

; 

psiwr  -  *20 

EXP 

04.0, 

02.0, 

90.0, 

79.0, 

77.0 

EXP 

74.5. 

71.0, 

66.0, 

SI. 5, 

56.0 

EXP 

50.5, 

65.0, 

70.0, 

74.0, 

77.0 

EXP 

79.0, 

01.0, 

02.0, 

03.0 

; 

•*  AJ-64A  FUSELAGE  ! 

riTci 

RONEHT 

(TAIL 

orr)  vs  ALrwr 

HQfNP :  zUVRUVRM 

,*AP  AXGUltCNT :  LOOK 

UP  ROUTINE 

ALPWril 

1  INPUT 

VARIABLE 

norii 

jOUTPUT  VARIABLE 

NQFLO 

1  LOW  ANCLE  RAP  NANE 

CAP  -30.0.30.0.3.0 

1  LOWER 

LIHIT 

.UPPER 

LINIT 

,  DELTA - 

LOW 

ANCLE 

Norm 

j I  TGI  ANCLE 

RAP  NAME 

EXP  -90. 0,10.0,10.0 

j LOWER 

LIMIT 

.UPPER 

LIMIT 

.DELTA- 

RGII 

ANCLE 
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TAILS  Dl.  AB-MA  SPSCIFIC  mi  (Coat'd) 


I  LOW  ANCLE  NAP l  ALFWP  -10  TO  10  ,  DELTA-5 


HQPLO l  EXP 

-305.0, 

-290.0,  -262.0, 

-205.0, 

-152.0 

EXP 

-102.0, 

-62.0,  -25.0, 

7.0, 

35.0 

EXP 

62.0, 

87.0.  110.0 

1 

HIGH  ANCLE  HAP:  ALPNP  -90  TO  90 

,  OELTA-10 

KQPHI :  EXP 

0.0. 

-95.0,  -180.0, 

-295.0, 

-285.0 

EXP 

-307.0, 

-305.0,  -262.0, 

-152.0, 

-62.0 

EXP 

7.0, 

62.0,  110.0, 

153.0, 

163.0 

EXP 

150.0, 

120.0,  60.0, 

0.0 

1 

•«  Al-6  9A 

FUSELAGE  SlOE  POKCE  (TAIL  OPP)  VS  PSIWP 

YQPMP:  :UVRUVR9  1 

(RAP  AX CUP TNT i LOOS 

UP  ROUTINE 

psiwrti 

1  INPUT  VAX: AXLE 

TOPM 

I OUTPUT  VA11ARLE 

TQPLO 

I LOW  ANCLE  HAP  KAHE 

EXP  -30.0, 

30.0,5.0 

(  LOWER  L1H1T, UPPER 

LIMIT, OELTA-LCW 

ANCLE 

TOPHI 

(HIGH  ANCLE  HAP  MAKE 

EXP  -90.0, 

90.0,10.0 

1  LOWER  LIMIT, UPPER 

LIMIT, OELTA-IC 11 

ANCLE 

1 

LOW  ANCLE 

RAP:  PSIWP  -30  TO  30, 

DELTA- 5 

TQPLO:  EXP 

-04. 0. 

-73.0,  -60.0, 

-45.0, 

-30.0 

EXP 

-15.0. 

0.0,  15.0, 

30.0, 

45.0 

EXP 

60.0, 

73.0.  (1.0 

I 

■ICH  ANCLE  NAP:  PS1VF  -90  TO  90. 

DELTA-10 

TOPHI:  EXP 

0.0, 

-39.0,  -69.0, 

-98.0, 

-99.0 

EXP 

-98.0, 

-89.0,  -60.0, 

-10.0. 

0.0 

EXP 

30.0, 

60.0,  84.0, 

98.0, 

99.0 

EXP 

91.0, 

75.0,  49.0, 

0.0 

1 

••  Al-6 9A 

FUSELAGE  TAWING  HONENT  (TAIL  OPP)  VS  PSIWP 

NOFNP: :UVRUVI99 

1HAP  ARGUMENT: LOOK 

UP  ROUTINE 

psiwroo 

; INPUT  VAR1ASLE 

Non  i 

j OUTPUT  VAXIASLE 

NQPLO 

( LOW  ANCLE  HAP  KANE 

EXP  -30.0, 

30.0.5.0 

j  LOWER  LIH1T, UPPER 

LIMIT, DELTA-LOW 

ANCLE 

NQFHI 

(  RICH  ANCLE  HAP  KAHE 

EXP  -90.0, 

90. C. 10.0 

(  LOWER  LIMIT, UPPER 

LIMIT, DELTA-HICR 

ANCLE 

1 

LOW  ANCLE 

HAP:  PSIWP  -10  TO  30, 

OELTA-5 

NQPLO ;  EXP 

-510.0, 

-460.0,  -390.0. 

-325.0, 

-235.0 

EXP 

-125.0, 

-10.0.  90.0, 

1S5.0, 

262.0 

EXP 

125.0, 

3(0.0,  915.0 

1 

UGH  ANCLE  HAP:  PSIWP  -90  TO  90. 

02LTA-IO 

KQPHI :  EXP 

0.0, 

-200.0,  -345.0, 

-9S0.0, 

-590.0 

EXP 

-550.0, 

-510. D,  -390.0, 

-235.0, 

-10.0 

EXP 

195.0, 

325.0.  415.0, 

940.0, 

440.0 

EXP 

3(0.0. 

2SO.O.  150.0, 

0.0 

I . ROTOR 

INTERFERENCE  ON  TIE  FUSLEACE  (RXPA)  ••*••• 

; 

••  SLACK  HAWK  FOXE/APT  N.X.  DOWNWA5R  AT  FUSELAGE 

EXMPHP:  :(IV99 

(HAP  ARGUMENT . LOOK 

LP  ROUTINE 

EXP  CRIPHR99.AA1PHR49  j  INPUT  VAXIASLE  tl, 

INPUT  VARIARLE 

92 

EFXWP99 

(OUTPUT  VAXIASLE 

EXWPLO 

(LOW  ANCLE  HAP  NAME 

EXP  0.0,100.0.10.0,13  | LOW  LIN, UPPER  LIN, 

DELTA . 9  EWTRTS ( OCT  1 -CRI PHR 

EXP  —4 .0,1 

6 .0,6.0 

(LOW  L1M, UPPER  LIH, 

DELTA-AAl PHR 

( 

LOW  ANCLE 

RAP  C1IPRA  0  TO  100  (OEL-IG)  AA1FKR  -4 

.0.6 

l 

AA1PHX— 4 

EXVFLO:EXP 

O.PS. 

0.1S,  0.1, 

0.91. 

0.55 

EXP 

0.44, 

0.79,  (.9, 

1.01, 

0.55 

TABLE  n-i.  AH-64A  SPECIFIC  FILK  (Cont'd) 


}  AAlFNR-0 


EXP 

0.0, 

0.1, 

0.21, 

0.32, 

0.42 

EX? 

0.54. 

0.0 

0.66, 

0.1. 

0.94, 

O.S 

;  AMr*iR-6 

EXP 

-0.12, 

0.02. 

0.08, 

0.11, 

0.28 

EXP 

0.4, 

0  .  S3 , 

0.67, 

L.82, 

0.4 

0.0 


I  ••  BLACK  liAWK  VERTICAL  N.R.  DOWNWASH  AT  rUSELAGE 


EZNFNP:  :HTV|I 


; RAP  ARGURENT : LOOK  UP  ROUTINE 


EXP  CUIPKR8I,AA1PHMI  [INPUT  VARIABLE  11,  INPUT 

VARIABLE  12 

EKZHPM 

J OUTPUT  VARIABLE 

EIWPLO 

1  LOW  ANGLE  NAP  NAME 

EXP  0.0, 

100.0,10.0, 

13  ; LOW  LIN, UPPER  UN, DELTA, 

1 ENTRYS ( OCT )- 

CHI PHR 

EXP  -6.0 

,6. 0,6 .0 

) LOW  LIN, UPPER  LIN, DELTA- 

AAl PRR 

;  LOW  ANGLE 
1  A.r.lrRF--6 

NAP  CHIPNR  0  TO  100  (DEL-10) 

AAlPNP  -6,0, 

6 

EIWPLO : EXP 

1.11, 

1.09,  1.08, 

1 .065, 

1 .  C  5 

EXP 

1.04, 

0.6 

1.02,  1.01, 

1.0. 

0.88 

;  AAlrRR-0 

EXP 

1.12, 

1.12,  1.12, 

1.12, 

1.12 

EXP 

1.12, 

0.6 

1.12,  1.12, 

1.11, 

0.96 

;  AAirKR-6 

EXP 

1 .  IS, 

1.15,  1.15, 

1.15. 

1.16 

EXP 

1.17, 

0.6 

1.18,  1.22, 

1.16, 

0.98 

INPUT 

PARAMETERS 

r  OR  PANEL  11  (IA)  ••'•••• 

PSF1 : 

552. 

5 

i  rUSELAGE  STATION. INCH 

WLP1 : 

147. 

2 

;  WATERLINE  STATION, INCH 

HLP1 : 

-27  . 

3 

1  BUTTL I NE  STATION,  INCH  (*IVE  TO  PORT) 

SAP1 : 

16.68 

!  SURFACE  AREA  Or  PANEL  IP  NOT  INCLUDE  IN 

RAP 

GAB  PI 

:  0.0 

;  PANEL  ORIENTATION,  DEG 

I0P1  : 

Z 

;  PANEL  INCIDENCE. DEG 

r?l  :  : 

1.0 

l  PANEL  BEAN  AERO  CHORD , PT 

J  ** 

AH-64A 

HORIZONTAL 

SIABILIZCR  (RT  PANEL)  LIPT  COEFFICIENT  VS 

ALPPPl 

J  *• 

3-16.68  PT*«2  .ASPECT  RATIO- 3 . 41 , 0018  AIRFOIL 

CLP1KP:  :  l/VRUVK  14 

•NAP  ARGUNENT : LOOR  UP  ROUTINE 

ALrPPlCI 

J INPUT  VARIABLE 

CLPltl 

1  OUTPUT  VARIABLE 

CLP1 

LO 

1  LOW  ANGLE  RAP  KANE 

EXP  -30. 

0,30.0.5.0 

[LOWER  LIRIT, UPPER  LINIT, 

DELTA-LOW  ANGLE 

CLP1HI 

[HIGH  ANGLE  NAP  NAME 

rxp  -90. 

o 

o 

P-4 

o 

o 

ON 

o 

; LOWER  LINIT, UPPER  LINIT, 

DELTA-HIGH  ANGLE 

,*  LOW  ANGLE 

NAP  ALPPP1  -30  TO  30. DELTA-5 

CLP1L0:  EXP 

-0.80 

-0.87,  -0.93, 

-0  88. 

-0.58 

EXP 

-0.29. 

000.  0.29. 

0.58, 

0.88 

EXP 

0.93, 

0.87,  0.80 

,-  HIGH  AN  CL 

E  NAP  ALFPP1  -90  TO  90, DELTA- 

10 

CLP1II 

:  EXP 

0.  CO, 

-0.14,  -0.28, 

-0.40, 

-0.53 

EXP 

-0.68, 

-0.80,  -0.93, 

-0.58. 

0 .10 

EXP 

0.58. 

0.91,  0.80. 

0.48, 

0.51 

EXP 

r  .40. 

0.28,  0.14. 

0.00 
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TABLE  D-l.  AH-64A  SPECIFIC  FILE  (Coot'd) 


I  ••  AJS-64A  BORIXONTA L  STABILI XER  DRAG  VS  ALPPPI 
CDPlRP: :UVRUVR||  {HAP  ARGUMENT :  LOOK  UP  ROUTINE 

ALPPP1II  {INPUT  VARIABLE 

CDP1M  {OUTPUT  VARIABLE 

CDP1L0  J  LOW  ANGLE  RAP  NAME 

XXP  -J0.0, 30. 0,5.0  {LOWER  LIHIT, UPPER  LIHIT. DELTA 

CDP1HI  {HIGH  ANGLE  HAP  NAME 

EXP  -90.0,90.0,10.0  {LOWER  LIHIT, UPPER  LIHIT, DELTA 

I  LOW  ANGLE  HAP  ALPPPI  -30  TO  30.DLTA-5 
CDPILDi  EXP  0.343,  0.211,  0.200,  0.105,  0.050 

EXP  0.020,  0.010,  0.020,  0.050,  0.105 

EXP  0.200,  0.211,  0.343 

{  HIGH  ANGLE  HAP  ALPPPI  -90  TO  90, DELTA-10 
CDP1H1:  EXP  1.200,  1.057,  0.914,  0.711,  0.629 

EXP  0.466,  0.343,  0.200,  6.050,  0.010 

XXP  0.050,  0.201,  0.343,  0.416,  0.629 

EXP  0.171,  0.914,  1.057,  1.200 

; . .  INPUT  PARAMETERS  POM  ROTOR  INTERPERENCE  ON  THE  IORIZ.TAIL  II  (HRPA) 

{  ••  BLACK  HAWK  PORE/APT  R.R.  DOWNWASH  AT  IDRIXONTAL  TAIL 
XXP1HP : :BIV4I  {HAP  ARGUR XNT : LOOK  UP  ROUTINE 

EXP  CBIPRR4I .AA1PRRM  {INPUT  VARIABLE  61,  INPUT  VARIABLE  12 
XKXP144  {OUTPUT  VARIABLE 

EX PI LD  {LOW  ANGLE  HAP  NAME 

EXP  0.0,100.0,10.0.13  { LOW  LIH, UPPER  LIH, DELTA, 4ENTRY5 ( OCT) -CBIPRR 
EXP  -6.0  6. 0,6.0  {LOW  LIH.UPPXR  LIH , DXLTA-AA1 PRR 

;  LOW  ANGLE  NAP  CHIPHR  0  TO  100  (DEL-10)  AAlPHR  -6,0,6 

{  AA1PRR  —  6 

EXP1LD: EXP  0.0,  -0.2,  0.05,  0.3,  0.54 

XXP  0.6,  1.04,  1.3,  1.55,  0.6 

0.0 

{  AA1PRR-0 

EXP  -0.4,  -0.6,  -0.2,  0.12,  0.36 

XXP  0.6,  0.63,  1.06,  1.3,  0.66 

0.0 

{  AA1PHR-6 

EXP  -0.56,  -0.6,  -0.74,  -0.32,  0.04 

EXP  0.32,  0.6,  0.66,  1.12,  0.54 

0.0 

I  ••  BLACK  RANK  VERTICAL  R.R.  DONWWA3R  AT  HORIZONTAL  TAIL 
EXP1HP: :BIV||  {HAP  ARC UR XNT: LOOK  UP  RDUTINX 

XXP  CHIPHR I  4 , AA1 PHRI 4  {INPUT  VAX I A8 LX  II,  INPUT  VARIABLE  12 
XXZP1 1 4  (OUTPUT  VARIABLE 

EZP1LD  {LOW  ANGLE  HAP  NAME 

EXP  0.0.100.0,10.0,13  {LOW  LIR. UPPER  LIR , DELTA, IENTRYS ( DCT ) -CRI PHR 
XXP  -6 . 0, 6 . 0 , t . 0  ;LOW  LIR.UPPXR  LIR . DELTA-AA1 PRR 

{  LOW  ANGLE  HAP  CBIPRR  0  TO  100  (DEL-10)  AAlPHR  -6,0,1 

(  AA1PRR— 6 

EZP1LD  EXP  -0.13,  0.6,  1.6,  1.62,  1.66 

EXP  1.66,  1.91,  1.94,  1.69.  1.42 

1.14 

,-  AA1PHR-0 

EXP  0.4,  0.94,  1.64,  1.9!,  1.96 

EXP  2.04,  2.06.  2.14,  1.69,  1.42 

1  .35 


{  AA1PHB-6 


TABLE  D-l .  AH-64A  SPECIFIC  FILE  (Cont'd) 


0.78. 

2.14. 

1.56 


1.36, 

2.21, 


1.91. 

2.28, 


1  98. 

2.16, 


FUSELAGE  INTERFERENCE  ON  THE  H9RIZ.TAIL  *1  ( WFPA ) 


;  ••  AH-64A  DYNAMIC  PRESSURE  RATIO  AT  HORIZONTAL  TAIL  VS  ALr*T 
QPlRP: : CONST**  (HAP  ARGUMENT : LOOK  UP  ROUTINE 

[0.80! 

QPlCWMi  (OUTPUT  VARIABLE 

i  ••  MODI  PIED  BLACK  HAWK  W7WNWASH  ON  HORIZONTAL  TAIL  VS  ALFWF 
(  ••  DUE  TO  BODY  AND  STORE  SUPPORT  WINGS 


EPUHP  ;  :  UVRUVR* I 


; MAP  ARGUMENT: LOOK  UP  ROUTINE 


ALrwr** 

( I>'PUT  VARIABLE 

EPSPl *  * 

•OUTPUT  VARIABLE 

EPP1LO 

: LOW  ANGLE  RAP  NAME 

EXP 

o 

#*» 

o 

o 

n 

1 

0,5.0 

(LOWER  LIMIT 

.UPPER  LIMIT, DELTA-LOW  ANGLE 

EPPIHI 

(HIGH  ANGLE 

HAP  NAME 

EXP 

-90.0,90. 

0,10.0 

(LOWER  LIMIT 

.UPPER  LIMIT, DELTA-HIGH 

ANGLE 

;  LOW 

ANGLE 

HAP  ALPPPI  -30 

TO  30  DELTA-5 

EPP1LO 

EXP 

1.30, 

0.90, 

0.60,  -0.80, 

>2.00 

EXP 

-1.00, 

2.00, 

4  00,  3.60, 

3.30 

EXP 

3.20, 

2.90, 

2.60 

;  HIGH  ANGLE 

MAP  ALPPPI  -90 

TC  90  DELTA- 10 

EPPIHI 

EXP 

0.00, 

0.P0, 

0.00,  0.00, 

0.43 

EXP 

0.86, 

1.30, 

0.60,  -2.00, 

2.00 

EXP 

3  60, 

3.20, 

2.60,  1.72, 

0.85 

EXP 

0.00, 

0.00, 

0.00,  0.00 

; . 

INPUT  PARAMETERS 

POR  PANEL  (2  ( ( A )  . 

FSP2 : : 

552.5 

;  FUSELAGE  STAT 

ION, INCH 

WLP2 :  : 

147.2 

(  WATERLINE  ST' 

:: on, inch 

BLP2:  : 

22.3 

r  BUTTLINE  STATION, INCH  (*IVE  TO  PORT) 

SAP2:  ; 

16.68 

1  SURFACE  AREA 

or  PANEL  IF  NOT  INCLUDE 

IN  HAP 

GAMP2 
I  0P2: 
CP2:  : 


I  PANEL  ORIENTATION,  DEG 
1  PANEL  INCIDENCE, DEG 
(  PANEL  MEAN  AERO  CHORD, fT 


}  ••  AK-64A  HORIZONTAL  STABILIZER  ( LT  PANEL)  LI TT  COEPriCI ENT  VS  ALTPP2 
;  ••  5-16.68  fT»»2  .ASPECT  RATIO-3.41  ,0018  AIRPOIL 
CLP2RP: :UVRUVRI»  (HAP  ARGUMENT : LOOK  UP  ROUTINE 

ALFPP2**  lINPUT  VARIABLE 

CLP2M  (OUTPUT  VARIABLE 

CLPlLO  ( LOW  ANGLE  HAP  NAME 

EXP  -30.0,30.0,5.0  (LOWER  LIMIT, UPPER  LIMIT, D'LTA 

CLPIHI  IB'GH  ANGLE  HAP  NAME 

EXP  -90.0.90.0.10.0  (LOWER  LIMIT. UPPER  LIMIT. DELTA 


CLP2II 

CLPlLO 

-30.0, 30.0, 5.0 
CLPIHI 

-90.0,90.0,10.0 


CDP2MP: : UVRUVR •» 
ALFPP2JI 


CDP2M 

CDP1LO 

EXP  -30.0,30.0,5.0 
CDP1II 

EXP  -90.0,90.0,10.0 


**  AH-64A  HORIZONTAL  STABILIZER  DRAG  VS  ALTPP2 
*1  (MAP  ARGUMENT: LOOK  UP  ROUTINE 

)l  } INPUT  VARIABLE 

(OUTPUT  VARIABLE 
(LOW  angle  hap  name 

30.0,5.0  (LOWER  LIMIT. UPPER  LIMIT, DELTA 

( IIGB  ANGLE  HAP  NAME 

90.0,10.0  (LOWER  LIMIT, UPPER  LIMIT, DELTA 


INPUT  PARAMETERS  TOR  ROTOR  INTERFERENCE  ON  TIE  BORIZ.TAIL  *2  •  MR  PA ) 


I  ••  BLACK  RAW!  FORE/AFT  M.R.  DOWWWASI  AT  BORIZOKTAL  TAIL 
CXP2MP: (CONST**  (HAP  ARGUMENT . LOCK  UP  ROUTINE 

EUPKt  (INPUT  VARIABLE 


TAB1Z  D-l.  AH-64A  SPECIFIC  PILE  (Coat’d) 


imiti 


j OUTPUT  VARIABLE 


j  •*  BLACK  HAWK  VERTICAL  H.R.  DOWNWASH  AT  HORIZONTAL  TAIL 
EZP2RP:  :CDNSTM  jMAP  ARGUMENT l LOOK  UP  ROUTINE 

EXZFlH  ; INPUT  VARIABLE 

EK7.P24I  .-OUTPUT  VARIABLE 


FUSELAGE  INTERFERENCE  ON  THE  BORIS. TAIL  12  ( WFPA ) 


>  *•  AH-64A  DYNAMIC  PRESSURE  RATIO  AT  HORIZONTAL  TAIL  VS  ALTHF 
QP2MP1 : CONST M  I MAP  ARGUMENT : LOOK  UP  ROUTINE 

QP1QHFM 

QP2QHFM  J  OUTPUT  VARIABLE 

I  •*  MODIFIED  HLACXELAWX  DOWNWASH  ON  HORIZONTAL  TAIL  VS  ALFWP 
I  •*  DUE  TO  BODY 

EPP2MP ; : CONSTII  ;NAP  ARGUMENT : LOOK  UP  ROUTINE 

EPSP1II  ; INPUT  VARIABLE 

EPSP2I0  jOUTPUT  VARIABLE 


INPUT  PARAMETERS  FD?  PANEL  13  <|A) 


FSP  3  .- 
HLP3  : 
HLP3-. 
SAP  3: 
GAMP3 
I0P3: 
CP3 :  : 


S44.4 

189.2 

0.0 

32.2 
90.0 
0.0 

1 .0 


J  FUSELAGE  STATION, INCH 
I  HATERLINE  STATION, INCH 
;  HUTTLINE  STATIDN, INCH 

>  SURFACE  AREA  OP  PANEL  IF  NOT  INCLUDE  IN  HAP 
j  PANEL  ORIENTATION,  DEG 
I  PANEL  INCIDENCE, DEC 
l  PANEL  MEAN  ARED  CHORD. FT 


••  AH-64A  VERTICAL  STABILIZER  LIFT  COEFFICIENT  VS  ALFPP3 

••  S-32.2  FT*»2  .ASPECT  RATIO  -2.5  ,4415  MOD  ROOT,  4416  TIP  AIRFOIL 


CLP3RP ; s  UVRUVRI I 
ALFPP3M 


CLP 3 1  4 
CLP3LO 

-30.0,30.0,5.0 

CLP3HI 

-90.0,90.0,10.0 


} HAP  ARGUMENT: LOOK  UP  RDUTINE 
j INPUT  VARIABLE 
jDUTPUT  VARIABLE 
j LOW  ANGLE  MAP  NAME 

} LOWER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANGLE 
jHIGH  ANGLE  HAP  NAME 

l LOWER  LIMIT, UPPER  LIMIT .DELTA-HIGH  ANGLE 


I  LOW  ANGLE  MAP  ALFPP3  -30  TO  30, DELTA-5 
CLP3LO : FXP  -1.06,  -0.81,  -0.57,  -0.31, 

EXP  0.20,  0.45,  0.71,  0.97, 

EXP  1.34,  1.40,  1.34 


CLP  3HI : EXP 
EXP 
EXP 
EXP 


CDP3HP: : U/RUVRI I 
ALFPP3M 


j  HIGH  ANCLE  HAP  ALFPP3  -90  TO  90, DELTA-10 

0.00,  -0.22,  -0.45,  -0 .68,  -0.90 

-1.13,  -1.06,  -0.57,  -0.05,  0.45 

0.97,  1.34,  1.34,  1.12,  0.93 

0.68,  0.45,  0.23,  0.00 

j  ••  AR-64A  VERTICAL  STABILIZER  DRAG  COEFFICIENT  VS  ALFPP3 


CDP3M 

CDP3LC 

-30.0,30.0,5.0 

CDP3RJ 

-90 .0,90.0,10.0 


;HAP  ARGUMENT :LOOK  UP  RDUTINE 
.-INPUT  VARIABLE 
l OUTPUT  VARIABLE 
j  LOW  ANGLE  HAP  NAME 

I  LOWER  LIMIT, UPPER  LIMIT , DELTA-LOW  ANGLE 
,-HIGH  ANGLE  HAP  NAME 

> LOWER  LIMIT, UPPER  LIMI T , DELTA-HIGH  ANGLE 


CDP3LO:  EXP 
EXP 
EXP 


LOW  ANGLE  MAP  ALFPP3  -30  TO  30, DELTA-5 


0.559. 

0.100, 

0.310, 


0.505, 

0.090, 

0.505, 


0.310, 

0.100, 

0.559 


0.110, 

0.130, 


O. 1  30 

P. 18C 


I  BIG I  ANGLE  HAP  ALPPP3  -90  TO  90. DELTA-10 
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TABLE  D-l.  AH-64A  SPECIFIC  FILE  (Coat'd) 


CDP3B1 :  EXP 

1.200, 

1.093, 

0.986, 

0.879, 

0.772 

EXP 

0.665, 

0.559, 

0.310, 

0.130, 

0.090 

EXP 

0.130, 

0.310, 

0 .  F  £  9  , 

0.665, 

0.77? 

EXP 

0.879, 

0.986, 

1  .093. 

1.200 

ROTOR  INTERFERENCE  ON  THE  VERTICAL  TAIL  (MRPA)  •* 
t  ••  ROTOR  tRX-FACTOR  ON  VERTICAL  TAIL  RAP  •* 


EXP3RP: :CONSTH  ;RAP  ARGUMENT : LOOK  UP  ROUTINE 

EKXP1II  INPUT  VARIBLE 

EKXP3II  jOUTPUT  VARIPLE 

l  ••  ROTOR  EKZ-FACTCR  ON  VERTICAL  TAIL  RAP  *• 

EZP3RP: : CONST! I  ;lt  P  ARGUMENT : LOOK  UP  ROUTINE 

EKZP141  ;  INPUT  VARIBLE 

EKZP3I4  jOUTPUT  VAR  BLE 

;*••*•*  FUSELAGE  INTERFERENCE  ON  THE  VERTICAL  TAIL  (MFPA) 

;  ••  AH-64A  DYNAMIC  PRESSURE  RATIO  AT  VERTICAL  TAIL  VS  PS1WF 

QP3HP : i  CONSTIt  ;  RAP  ARGURENT : LOOK  UP  ROUTINE 

10. 75) 

QP3QNF4I  j OUTPUT  VARIABLE 

j  ••  BLACK  HAWK  SI DEMASH  ON  VERTICAL  TAIL  VS  PS IMF  DUE  TO  BODY 

SGP3HP : : UVSUVS4  4  )RAP  ARGURENT : LOOK  UP  ROUTINE 

PSIHF41  j INPUT  VARIABLE 

S I GP 3 it 4  jOUTPUT  VARIABLE 

SGP3LO  j I OK  ANGLE  RAP  NARE 

EXP  0.0,30.0,5.0  ; LOWER  LIR1T,  UPPER  LIMI*.  DELTA-LOM  ANGLE 

SG73HI  ;HIGH  ANGLE  RAP  NAME 

EXP  0.0,90.0,30.0  j LONER  LIRTT,  UPPER  LIMIT,  DELTA-HIGH  ANGLE 

!  LOW  ANGLE  RAP  PSIMF  0  TO  30  DELTA-5 
SGP3LO;  EXP  0.0,  -0.4,  -0.4,  0.8,  1.4 

EXP  0.6,  0.2 

;  HIGH  ANGLE  RAP  PSIMF  0  TO  90  DELTA-30 
SGP3BI :  EXP  0.0,  0.2,  0.0,  0.0 

PAGE 


;•••••  INPUT  PARAMETERS  FOR  PANEL  «4  IIA) 


FSP4  : 

201.93 

! 

FUSELAGE  STATION, INCH 

HLP4 : 

137.5 

! 

MATERLINE  STATION, *NCH 

BLP4  : 

-46.3 

; 

BUTfLINE  STATION. INCH  <*IVE  TO  PORT) 

SAP4 : 

30.95 

i 

SURFACE  AREA  OF  PANEL  IF  MOT  INCLUDE 

GAMP4 

:  0.0 

j 

PANEL  ORIENTATION,  DEG 

10P4 : 

6.0 

* 

PANEL  INCIDENCE, DEG 

CPI;  : 

1.0 

t 

PANEL  MEAN  AERO  CHORD. FT 

;  **  AH - 6 4 A  RIGHT  MING  LIFT  COEFFICIEN*  ,  ALFPP4 
j  «•  5-30.95  FT* • 1  .ASPECT  RATIO-4.6  ,4«23  ROOT,  4470  TIP  AIRFOIL 
CLP4HP: :UVRUVU44  ,MAF  ARGUMENT: LOOK  UP  ROUTINE 

ALFPP4 II  j INPUT  VARIABLE 

CLP4I4  ♦OUTPUT  VARIABLE 

CLP4LO  ; LOW  ANGLE  MAP  NAME 

EXF  -30.0,30.0,5.0  ;LOM£«  LIMIT, UPPER  LIMIT, DELTA-LOM  ANGLE 

CLP4HI  (HIGH  ANGLE  RAP  NAME 

EXP  -90.0,90.0,10.0  j  LOWER  LIMIT, UPPER  LIMIT, DELTA-tIGH  ANGLE 

j  LOM  ANGLE  HAP  ALFPP*  -10  TO  10.DELTA-S 


TABLE  0-1.  AH-MA  SPECIFIC  FILE  (Cant'd) 


CLP4LO: 

EXP  -9.68, 

-0.64, 

-0.50, 

-0.30, 

-o.i: 

EXP  0.07, 

0.25, 

0.43, 

0.61, 

0.76 

EXP  0.80, 

0.76, 

0.  70 

(  HIGH  ANGLE 

HAP  ALPPP4  -90 

TO  90.DELTA- 

>10 

CLP4I1 ; 

EXP  0.00, 

-0.11, 

—0.22, 

-0.33, 

-0.45 

XXP  -0.57, 

-0.68, 

-0.50, 

-0.12, 

0.25 

tXY  0.61, 

0.80, 

0.70, 

0.58, 

0.47 

XXP  0.35, 

0.23, 

0.11, 

0.00 

(  ••  AS-64A 

SIGHT  NING  DKAG 

VS  ALPPP4 

CDP4HP: (UVXUVXIfe 

(HAP  AXGUNEHT : LOOK  UP  XOUTINX 

ALPPP4M 

(INPUT  VARIABLE 

CDP466 

(OUTPUT  VAXIA2LX 

CDP4LO 

(LON  ANGLE  HAP  MANX 

EXP 

-30.0,30.0,5.0 

(LOWER  LIHIT, 

UPPEX  LIHIT, 

DELTA 

CDP4HT 

(HIGH  ANGLE  HAP  NAME 

UP 

-90.0,90.0,10.0 

(LONEX  L1P.IT, 

UP PIN  LIHIT, 

DELTA 

(  LON  ANGLE 

HAP  ALPPP4  -30  TO  30, DELTA-5 

CDP4LO: 

EXP  0.428, 

0.364, 

0.300, 

0.235, 

0.171 

EXP  0.126, 

0.100, 

0.10’. 

0,128, 

0.165 

XXP  0.234 , 

0.303, 

0.372 

(  NIGH  ANGLE 

HAP  ALPPP4  -90 

TO  90.DELTA- 

10 

CDP4HX  t 

CXP  1.200, 

1.070, 

0.943, 

0.814, 

0.696 

XXP  0.557, 

0.428, 

0.300, 

0.171, 

0.100 

EXP  0.128, 

0.234, 

0.372, 

0.510, 

0.6«« 

EXP  0.7S6, 

0.924, 

1.062, 

1.200 

« 


( . INPUT  PAXAKXTXXS  POP  XOTOX  INTZr.PEXXNCE  ON  Tit  NIGHT  NING  (HXPA) 


I  ••  AX-64A  POXX/APT  H.X.  DONNWA*!  AT  XI CRT  NING 
CXP4HP:  tCONSTM  (RAP  AXGUITXNT: LOOX  UP  XOUTINX 

CKXWPt*  (INPUT  VARIABLE 

EKXP4H  (OUTPUT  VANIAS  LX 


(  ••  AS-64A  VERTICAL  H.X.  DOWNNASX  AT  NIGHT  NING 
CZP4HP: i CONST*#  (HAP  AXGUHXNT : LOOK  UP  XOUTINX 

tr.2MP44  (INPUT  VANIAS  LX 

XKZP4M  (OUTPUT  VAN  I  AN  LX 


(••••*•  PUSELAGX  INTXXPXNXNCX  ON  TNX  NIGHT  NING  (NPPA) 

(  ••  AN-I4A  DTNAHIC  PXXSNUNX  XATIO  AT  NIGHT  NING  VS  ALFWT 
QP4HP: (CONST# I  (RAP  AXGUHXNT t LOOX  UP  XOUTINX 

11.01 

0P4l«P«4  (OUTPUT  VANIAS LX 


l . 

INPUT  PAJtAHXTXRS 

P( 

DX  PANEL  #5  <#A)  •••••• 

TSP5 : : 

201.93 

J 

PUSKLAGX  STATION, INCX 

NLPS  > t 

137.5 

( 

NATEXLINI  STATION, INC! 

SLP5 :  •• 

46.3 

( 

SUTTLINt  CTATION, INCH  (♦IVI  TO  PORT) 

SAP  5 :  t 

30.35 

1 

SUXTACX  AREA  OP  PANEL  IP  NOT  INCLUDE  IN  RAP 

GAHP5i  i 

0.0 

( 

UANEL  ORIENTATION,  DIG 

10P5t i 

6.0 

I 

PANEL  INCIDENCE, DEG 

CPS: « 

1.0 

> 

PANEL  REAM  AXXO  CEORD.PT 

2M 


TABLE  D-l.  AH -64ft  SPECIFIC  FILE  (Cont'd) 


l  ••  AH-64A  LEFT  WING  LIFT  COEFFICIENT  VS  ALPPP5 
;  ••  S-30.95  F?**2  .ASPECT  RATIO-4.6  ,4423  FOOT,  4420  TIP  AIRFOIL 


CLP5HP:  :UVRUVRM 

alfppsii 

CLP. -I  I 
CLP4LO 

EXP  -30.0,30.0,5.0 
CLP4HI 

EXP  -90.0,90.0,10.0 


{MAP  ARGUMENT; LOOK  UF  ROUTINE 
i INPUT  VARIABLE 
{ OUTPUT  VARIABLE 
; LOW  ANGLE  HAP  NAME 

{LOWER  LIMIT, UPPER  LIMIT  ^DELTA-LOW  ANGLE 
{HIGH  ANGLE  HA!  NAME 

{ LOWER  LIMIT, UPPER  LIMIT, DELTA-HIGH  ANGLE 


I  ••  AB-64A  LEFT  WING  DRAG  VS  ALFPP5 


CDP5MP:  :UVRUVRM 
ALFFP5II 
CDP5II 
CDP4LO 

EXP  -30.0,30.0,5.0 
CDP4HI 

EXP  -90.0,90.0,10.0 


1  MAP  ARGUMENT: LOOK  UP  ROUTINE 

> INPUT  VARIABLE 

; OUTPUT  VARIABLE 

; LOW  ANGLE  HAP  NAME 

{ LOWER  LIMIT, UPPER  LIMIT, DELTA 

{HIGH  ANGLE  HAF  NAME 

iLONER  LIMIT, UPPER  LIMIT, DELTA 


INPUT  PARAMETERS  FOR  ACTOR  INTERFERENCE  ON  THE  LEP7  WING  (MRPA) 
t  ••  AE-64A  FORE/AFT  M.R.  DOWNWASH  AT  LEFT  WING 


EXP5MP : : CONST I I 

EKXWFII 

EXXP5I4 


{  MAP  ARGUMENT: LOOK  UP  ROUTINE 
j INPUT  VARIABLE 
; OUTPUT  VARIABLE 


{  •»  AB-64A  VERTICAL  N.R.  DOWNWASH  AT  LEFT  WING 
EZP5MP: : CONSTII  {MAP  ARGUMENT : LOOK  UP  ROUTINE 

EXIWPII  {INPUT  VARIABLE 

EXIP5II  {OUTPUT  VARIABLE 


FUSELAGE  INTERFERENCE  ON  THE  LEFT  WING  (WFPA) 


OP5MP: :CONST»» 
OF4QWF4I 
0P50MPII 


••  AM-64A  DYNAMIC  PRESSURE  RATIO  AT  LEFT  WING  VS  ALFWF 


{MAP  ARGUMENT: LOOK  UP  ROUTINE 
{INPUT  VARIABLE 
{OUTPUT  VARIABLE 


RTR :  : 
OMEGTR: 
RTR:  : 
FSTR :  : 
NL7R :  : 
RLTR:  : 
TWSTTR: 
A I  ALTA  ; 
GAMTR:  : 
DEL3TR: 
DELTTR : 
CNAD7A : 
ATP  : 
RTLTR . : 
CDTR: : 

I RTR : : 
DRD0TP : 
DRDITR: 
DRD2TA: 
DROTTR 


INPUT  PARMETERS  FOR  TAIL  ROTOR  (4A)  -  (BAILEY) 


4.59 

-146.9 

4.0 

554  .69 
216.25 
-32.05 
;  4.1 

:  1.5 
90.0 
:  3  5 . 0 
:. 001455 
;.I13 
5. *73 
.92 
0.0 
2.31* 

: 0 .0017 
s-0.0116 
:  0 . 4 
:-I  .0 


{RADIUS, FT 

{TRIM  ROTATIONAL  RATE,  RAD/SEC 
{ACTUAL  NUMBER  OF  R LADES 
{FUSELAGE  STATION. IN 
(NATERLINE  STATIC!’ ,  IN 
{RUTTLINE  STATION. IN  (*IVE  TO  PORT) 

{BLADE  TWIST, DATUM  CENTER  OF  ROTATION, DEG 

{BLADE  PITC’B  CORRECTION  FOR  N .  L  .  TVI  ST<  NEG  REDUCES  PITCH) 

{TAIL  ROTOR  CANT  ANGLE, DEG 

{  PLAPPINC  HINGE  OFFSET  ANGLE, DEG 

{RATE  GF  CHANGE  OF  CONE  ANGLE  NITH  THRUST , DEG/LB 

,’RLADE  CHORD,  FT 

,’RLAOE  LIFT  CURVE  SLOPE,  1/RAD 

,•  BLADE  TIP  LOSS  FACTOR 

,-TAIL  ROTOR  HEAD  DRAG.  FT* *2 

;T.R. BLADE  SECOND  MOMENT  SLUGS-FT**2 

,-T.R.  BLADE  SECTION  DRAG  COEPP.CDO 

(T.R.  BLADE  SECTION  DRAG  COEFF.CD1 

jT.R.  BLADE  SECTION  DRAG  COEFF , CD! 

{T.R  ROTATION  *1.0  MEANS  COUNTER  CLOCINISE 
I  WIEN  VIEWED  FROM  PORT  SIDE 
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TABLE  0-1 


AB-44A  SPECIFIC  FILE  (Coat’d) 


,••••••  KOTOR  INTERPERNCS  ON  TAIL  ROTO*  (MPA) 


EXTRKP: (CONST!! 

zur)ii 

XKXTRII 


(••  ROTOR  X-PACTOR  ON  TAIL  ROTOR  RAP  •• 
I  NAP  AR GUMNT :  LOOK  UP  ROUTINE 
I  INPUT  VARIABLE 
(OUTPUT  VARIABLE 


XZTRNP: : CONST! • 
SEEP)!! 
EEETRtt 


(••  ROTOR  I-PACTOR  ON  TAIL  ROTOR  NAP  •• 
(NAP  AACUHENT I LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


(••••••  PUSELACE  INTER PERXNCE  ON  TIE  TAIL  ROTOR  (NPPA) 


(••  TAIL  ROTOR  DTNAHIC  PRESSURE  RATIO  NAP  •• 
OTRNPti  CONETII  (NAP  ARGUMENT I LOOK  UP  ROUTINE 

OPIONr  (INPUT  VARIABLE 

OTRQWrt!  (OUTPUT  VARIABLE 


EPTRNP  t %  CONST! I 
ZPSP1!! 
EPSTRM 


(••  ROOT  DOWNNASB  ON  TAIL  ROTOR  NAP  •• 
(NAP  AR SUN ENT) LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


SSTRKPt (CONST!! 

SIGP  3 !! 
SISTRI! 


(••  ROOT  SIDENAIR  ON  TAIL  ROTOR  NAP  •• 
(NAP  ARSON ENT (LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


(••••••  VERTICAI  TAIL  INTERPERNCE  ON  TAIL  ROTOR  INPLON 


VBVTTR ( i 30. 0  (  AIRSPEED  BREAK  PT.  -  NO  BLOCKAGE  ABOVE. KT. 

KBVTTR; iO,7S!  (  TAIL  ROTOR  BLOCKAGE  COBP.  AT  ROVER 


; .  INPUT  PARAMETERS  POR  EQUATIONS  OP  NOTION  (!B> 


PSCCt :  208.0 

RLCGit  142.1 
RLCGit  0.8 


(  PUSELACE  STATION, OP  C.C..INCB 

(  NATXRLINE  STATION  OP  C.C..INCR 

(  RUTTLINE  STATION  OP  C.C..INCR  (*IVR  TO  PORT) 


NEICETi t 11222 . 0 
IX ; t  233!. t 
I T  1  1  21444  .  S 

1 E i i  2*3*4. S 

IKZ: t  0.0 

I ETt  t  0.0 

ITS i i  0.0 


(  AIRCRAPT  CROSS  RETORT , LBS . 

I  INERTIA  ABOUT  BOOT  E-AXIX,SLUO-PT**2 
(  INERTIA  AfcOUT  RODT  T-AXIS . SLUG- PT*  *2 
(  INERTIA  ABOUT  BOOT  E-AXIS ,SLUO-rT**2 
(  CROSS  COUPLING  INERTIA, SLUG- rT*«2 
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ttamjc  d-i.  ae-ma  snnnc  ms  (Coct'd) 


,«•••••  input  PAMMITUI  TO*  MOAAC  (4A) 


A1SUL: } 

7.0 

1 

a: s  upper  limit 

A1SLL: : 

-10.5 

1 

A1S  LOWE*  LIMIT 

11 SUL: l 

20.0 

1 

BIS  UPPER  LIMIT 

B1SLL: s 

-10.0 

> 

BIS  LOWER  LIMIT 

VBOUL:: 

25. 9 

t 

TBETA0  UPPER  LIMIT 

THOLL: i 

9.9 

1 

TBETA0  LOWER  LIMIT 

TBRUL: i 

36.5 

1 

THETT*  UPPER  LIMIT 

THILL: I 

4.5 

> 

THETTR  LOWER  LIMIT 

XAOL; : 

9.0 

» 

LAT  STIC*  UPPER  LIMIT 

TALL :  t 

0.0 

1 

LAT  STiCR  LOWER  LIMIT 

T.BUL :  : 

10.0 

1 

LOirC  STCK  UPPER  LIMIT 

XBLL: : 

0.0 

1 

LONG  STCR  LOWER  LIMIT 

1  7UL:  i 

12.0 

1 

COLL  STCR  UPPER  LIMIT 

XCLL: t 

0.0 

l 

COLL  STCR  LOWER  LIMIT 

XPUL: : 

4.6 

t 

PEDAL  UPPER  LIMIT 

XPLLi : 

0.0 

1 

PEDAL  LOWER  LIMIT 

.-V'*' 


FUGHTTEST 
GEN  HEL 


GW  -  14,650  pounds 
Hd  -  7210  feet 
16  Hellfires 


AIRSPEED  -  knots 


Figure  5-1.  AH-UA  Pitch  Attitude  Correletlov 


24? 


FLIGHT  TEST 
GenHel 


GW  -  14,650  pounds 
Hd  -  7210  feet 
16  Hellfires 


Flfur*  D-3.  il-(4A  Lpa|lmdln»l  Stick  CtmUtim 


270 


LATERAL  STICK  POStTON 


FL'GHT  TEST 
Gen  He! 


GW  ■  14.6G0  pounds 
Hd  -  7210  feet 
16  Hellfires 


271 


FUGHT  TEST 
GenHel 


GW  -  14,650  pounds 
Hd  -7210  feet 
16  Hellfires 


ri|un  D-5.  AH-44A  CoIIkcItc  Stick  CtmUtitB 
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PEDAL  POSITION  -  inches 


FLIGHT  TEST 
GenHei 


GW  -  14,650  pounds 
Kd  -  7210  feet 
16  Hellfires 


*73 


STABILATOR  POSITION  -  dogrnsa 


AIRSPEED  -  knots 


H|ur*  D- 7 .  AH-iAA  Stab  Hater  Pm  1  clan  Correlation 
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POWER  REQUIRED  - 


FUGHTTEST 

GenHel 


GW  -  14.65G  pounds 
Hd- 7210  feet 
IS  Heltfires 


flgura  D-l.  AH-iAA  fo— r  l»<fuir»d  ComUtion 


rifur*  D-f .  AH-44A  LMfltuAlntl  ftlck  Ful**  Corr*Utl«« 
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+  - 
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•v  * 


Flfur*  D-14.  AH-44A  lUln  Id  tor  Domuh  on  fuaalafa  Map  (x-dlr action) 


J83 


FI  jura  D- 17 .  AB-44A  Mala  la  Lor  Dnraraih  m  FUaaLaga  Hap  (s-dlraction) 


Flfur*  D-ll.  AU-44A  Horizontal  SLabllUor  Lift  &q> 


BLffri 


oo 


rifur*  D-lf .  AB-ttA  Borlxoot*!  Jt*blllx*r  Or*f  H «f 


2M 


»,»o 


63 


Flgur*  D-22. 


AU-44A  Tueelege  Downwmsh  oo  Horizontal  Stabilizer  Hep 


289 


CLP3 


Flgur*  D-2J.  AB-L4A  Vertical  Stablllxar  Life  Kip 


290 


IOC  DO 


.00 


.00 


.00 


->0.00  0.00  20.00  <0 
fllfPP3 


10.00  10 


1 00 


Figure  D-24.  UA-44A  Vertical  Stabilizer  Drag  Kap 


'•'lOO.OO  -k).M  -MM -M.M -SoToC  0  00  06. 00  «6.J0  M.OO  60.00 


Flfuro  D-26.  AH-t4A  Win*  Lift  lUp 
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APPENDIX  E 


OH-58A  MODEL  DATA 


The  OH -58 A  Kiowa  (Figure  E-l)  ic  a  email  aircraft  originally  daaignad  to  meat 
the  requirements  of  the  Light  Observation  Helicopter  (LOH)  competition.  This 
requirement  arose  from  experience  in  Vietnam  showing  the  need  for  a  aaall, 
agile  platform  to  perfora  coabat  surveillance  and  light  utility  Missions.  The 
Kiowa  haa  a  aaxiaua  takeoff  groea  weight  of  30C0  pounds  and  utilises  a 
two-bladed  main  rotor  35  feet  4  inches  in  disaster.  Power  is  supplied  by  a 
single  Allison  T63-A-700  turboshaft  engine  with  a  takeoff  rating  of  317  shp. 

The  aaln  rotor  is  a  classical  Sell  teetering  design,  both  praconed  and  under¬ 
slung.  The  blades  themselves  are  of  conventional  construction  employing 
aluninua  D-spars  with  aluminum  skins  over  honeycomb.  The  CenHel  simulation 
used  0012  airfoils  to  model  these  blades.  The  tall  rotor  Is  also  a  two- 
bladed,  teetering  unit,  5  feet  2  inches  in  diameter.  A  9.65-square-foot  fixed 
horizontal  stabilizer  is  mounted  on  the  middle  of  the  tall  boom.  The  OH-58A 
alrfraae  is  of  conventional  aluminum  senlaonocoque  design  and  has  skid-type 
landing  gear.  The  CenHel  simulation  model  was  created  using  data  from 
Reference  11.  Since  the  Kiowa  employs  a  teetering  rotor,  the  existing  CenHel 
glmballed  rotor  module  was  used  instead  of  the  articulated  one.  A  Heyson 
downwaeh  program  was  run  with  OH-58A  parameters  to  obtain  the  rotor  interfer¬ 
ence  effects  on  the  fuselage  and  erpennaga. 

When  the  CenHel  Oh-58A  simulation  was  first  flown,  problems  were  encountered. 
These  were  traced  to  coding  errors  in  the  glmballed  rotor  module.  Some  of  the 
coding  had  been  written  assuming  a  four-bladed  rotor.  These  were  corrected. 
The  model  continued  to  exhibit  high  two-per-rev  vibrations.  This  is  true  of 
the  actual  aircraft,  but  the  mathematically  rigid  blades  in  CenHel  and  canti¬ 
lever  constraints  for  lag  and  collective  bending  make  them  more  severe.  On 
the  actual  helicopter  the  flexibility  in  the  blades  reduces  these  loads. 

The  correlation  of  CenHel  to  flight  test  data  for  level  flight  trim  is  shown 
in  Figures  E-2  to  E-6.  Flight  test  date  ware  taken  from  Figure  7  of  Reference 
12.  Test  conditions  were: 

CV  —  2770  pounds 

FSCC  -  111.9 

Density  Altitude  -  6100  feet 

Collective,  lateral  and  pedal  positions  all  show  good  correlation,  but  pitch 
attitude  and  longitudinal  stick  are  poor.  A  significant  effort  was  undertaken 
to  improve  these  results.  Date  flown  at  a  different  c.g.  wore  correlated. 
Variations  in  rotor  and  fuselage  downwaeh  ware  tried  along  with  a  change  to 
stabilizer  incidence.  Date  of  Reference  13  wore  reviewed.  None  of  these 
significantly  changed  the  correlation.  A  decision  was  made  to  conduct  the  H/A 
study  with  the  model  as  shown. 
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All  of  Che  nunerlcal  date  used  Co  bo  del  che  OH- 58A  are  provided  in  this 
appendix.  The  flraC  aecCion  is  a  listing  of  all  the  Input  dace  (Table  E-l). 
The  second  section  presents  plots  of  the  sap  data  for  fuselage,  vertical  tall 
and  horizontal  ta  .  aerodynanics  along  with  plots  of  tha  rotor  Interference 
and  fuselage  int«  ference  data  (Figures  E-7  to  E-25).  The  tabular  data  are 
provided  with  app  oprlate  labels.  Kap  data  era  Identified  with  GenHel  vari¬ 
ables  provided  in  the  List  of  Synbols. 

For  tha  OH-58A  bo*  el,  tha  panel  allocation  was  as  follows: 

1.  Horizontal  tall 

2 .  Nona 

3.  Vertical  tail 


TAILS  1-1.  CB-S8A  SPSCITIC  FILS 


IWPUT  PARAMETERS  FOR  MAIN  KOTOR  MODULES  <4A) 


* 


FSRR : :  106.91 

WLRR : :  120.00 

I LRR : :  0.0 

MR::  17.667 

ORCTRR:  -.37.07 
SKA: :  2.0 

1 SKR : :  -5.0 

I LRR: :  0.0 

DELSRR: :  0.0 
DEL3RR : :  0.0 
KAFlHR.-s  0.0 
KAF2KR: :  0.C 
CHOTRR : : 1 . 06 
CBORRR : :1 .08 
OFSTRR : : 0 . 0 
8PRLRR: : 4 . 363 
WTSORR: : 1 37 . A  3 
ISRR: :  335.8779 

ABHR : :  28.42 

I RKR : :  2750.4 

BIBO::  2.5 
STLRR : :  .97 
OCDRR::  .002 
NBSRR : :  2 
NSSRR :  :  5 


FUSELAGE  STATION , INCHES 

••  WATERLINE  STATION, INCHES 

8UTTLINE  STATION, INCHES  (+IVE  TO  FORT) 

radius, ft. 

fRIR  ROTATIONAL  5  PEED , RAD/SEC 
ACTUAL  NURBER  OF  BLADES 

LONGITUDINAL  SHAFT  TILT, ( FOS . BACKWARDS ) ,OEG 
LATERAL  SHAFT  TI LT , ( FOS . STARBOARD ) , OEG 
••  SHWASH PLATE  PHASE  ANGLE, OEG 
FLAPPING  HINGE  OFFSET  ANGLE, DEG. 

*•  LAGGING  HINGE  OFFSET  COEF .  (  F'JNC (  LG  )  ) 

••  LAGGING  HINGE  OFFSET  COEF. ( FUNCt LG**2 ) ) 

SLADE  CHORO  AT  TIP, FT. 

SLADE  CHORO  AT  ROOT, FT. 

••  HT’.GE  OFFSET, FT. 

••  HINGE  TO  START  OF  BLADE, FT. 

WEIGHT  OF  ONE  BLADE, LSS. 

••  SLADE  RORENT  OF  INERTIA  ABOUT  HINGE , SLUG-PT*«2 

••  BLADE  RASS  RORENT  ABOUi  HINGE , SLUG- FT* *2 

*•  ROTOR  POLAR  ROH  or  I :,ERTA  (LESS  SLADES ) ,SLUG-FT**2 

••  PRECONE  FOR  GIHBAL  ROTOR 

SLADE  TIP  CUT  OFF  RATIO 

DELTA  ORAG  COEF.  FOR  EACH  8EGRENT 

NUMBER  OF  BLADES  SIRULATED , FIX  POINT 

NURBER  OF  SEGRENTS  SIRULATEO. FI X  POINT 


TWHRKP : : UVR4  4 

XSEGRRM 

TWSTRRM 

TWKRLO 

EXP  0.0, 1.0,. 50 


;  ••  RAIN  ROTOR  LINEAR  TWIST  RAP  •• 
I  RAP  LOOK  UP  NAME 
I  INPUT  VARIABLE  NAME 
I  OUTPUT  VARIABLE  NAME 
J  RAP  NAME 

j  LOWER  LIR, UPPER  LIH.OELTA 


TWRRLO :  EXP  0.0,  -5.3,  -10.6 


I . RAIN  ROTOR  OOWNWASH  SUBROOULE  (4A) 


■ 


KCTRR : :  1.0 

RCKKR : :  0.0 

1  I  LRR : :  0.0 

1 DW0RR : : . 01 0  38 
TDWCRR : :  0.0 
TOWSKR : :  0.0 


J  THRUST  GAIN  FOR  UNIFORM  DOWNWASH 
I  P ITCH. KOR. GAIN  FOR  DOWNNASB  SIN. HARMONIC 
I  ROLL  NOR. GAIN  FOR  DOWNWASH  COS.HARRONIC 
I  TIRE  CONST. FOR  UNIPORR  DOWNWASR  FILTER, SEC 
I  TIRE  CONST. FOR  DOWNWASH  SIN . HARMON . FI LTER, SEC 
I  TIRE  CONST. FOR  DOWNWASH  COS . HARMON . F I LTER , SEC 


}•••*■••  INPUT  PARAMETERS  POR  FUSELAGE  (HA)  •••••• 

}••••••  ROUNTING  POINT  FOR  ROOEL  IN  WINO  TUNNEL  •••••• 

PSWF-. :  114.2  ;  FUSELAGE  STATION,  IN. 

NLWF:  :  56.2  j  WATERLINE  STATION. IN. 

BLNF::  0.0  j  SUTTLINE  STATION, IN.  ( ♦  IVE  TO  PORT) 

IWF: :  00  ;  WING  INCIDENCE. DEC. 


LQFRP : :  UVRUVRII 
ALFWFM 
LOFM 
LOFLO 

EXP  -20.0,2  3,4.0 

LQfHI 

EXP  -100.0,100.8,20.0 


FUSELAGE  LIFT  (TAIL-OFF)  VS  ALFWF  RAP  •• 
.-MAP  LOOK  UP  ROUTINE 
.-INPUT  VARIABLE 
jOUTPUT  VARIABLE 
.-LOW  ANGLE  MAP  NAME 
; LOWER  LIM. UPPER  LIM. DELTA 
;  HIGH  ANGLE  MAP  NAME 
; LOWER  LIR. UPPER  LIR, DELTA 


I  LOW  ANGLE  RAP  ALPWP  -20  TO  20,  DELTA  - 
LQfLO:  EXP  -9.16,  -7.7»,  -6.27,  -4.65, 


-2.95 
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TAELX  1-1 

.  GB-5&A  srtcinc  ms  (Coat’d) 

EXP 

-1.20, 

0.54,  2.10,  1.96, 

5.57 

EXP 

7.04 

(  HICB  ANCLE  HAP  ALPWP  -100  TO  100,  DELTA  - 

20 

LQPH1 : 

EXP 

4.27, 

-4.35.  -11.21,  -13.11, 

-9.16 

EXP 

-1.20, 

7.04,  11.70,  10.61, 

4.27 

* 

EXP 

-4.34 

• 

(*“  FUSELAGE  DRAG  < TAIL-OPP 1  VI  ALPWP  •• 

• 

DOPHP i  i 

UVRUVRII 

jHAP  LOOK  UP  ROUTINE 

ALPWPM 

(  INPUT  VARIABLE 

DOPII 

(OUTPUT  VARIABLE 

DQPLO 

(LOW  ANCLE  RAP  NAME 

EXP 

-20.0 

,20.0,2.0 

(LOWER  LIH, UPPER  LIH, DELTA 

DQPII 

;II Cl  ANCLE  RAP  MANX 

t 

EXP  -100.0,100.0,20.0 

(LOWER  LIH, UPPER  LIH, DELTA 

(  LOW  ANCLE 

RAP  ALPWP  - 

20  TO  20, 

DELTA  -  2  DEC 

DQPLO: 

EXP 

11.1470, 

10.2016, 

9.3429, 

6.5752,  7.9020 

EXP 

7. 3266 , 

6.9522, 

6.4606, 

6.2141,  6.0536 

EXP 

6.0000, 

6.0536, 

6.2141, 

6.4606,  6.6522 

EXP 

7.3268, 

11.1470 

7.9020, 

6.5752, 

9.3429,  10.2016 

;  IICR  ANCLE 

HAP  ALPWP 

-100  TO  100  ,  DEL  •  20  DEC 

DQPII  i 

EXP 

44.6732, 

46.6732, 

39.0000, 

24.1797.  11.1470 

EXP 

6.0000, 

46.6732 

11.1470, 

24.1797, 

39.0000,  46.6732 

HCrH*::  UVRUVRII 
ALmm 
Horn 

HQrLO 

EXP  -20.0,20.0,2.0 

HQPII 

EXP  -100.0,100.0,20.0 


j ••ruJtLACt  pitch  non  (Tail-Opp)  v*  Axnrr  •• 

I HAP  LOOK  UP  ROUTINE 
jIKPUT  V AX I AIL E 
(OUTPUT  VAX I AXLE 
I  LOW  ANCLE  HAP  KANE 
(LOWER  LIH, UPPER  LIH.6ELTA 
(XIGR  ANGLE  HAP  KANE 
(LOWER  LIH, UP PER  Lin, DELTA 


I  LOW  ANCLE  HAP  ALPWP  PRDH  -20  TO  20,  DELTA  -  2  DEC 


HQPLO: 

EXP 

-125.0000,  - 

115.9500,  -106.6900. 

-97.1400, 

-66.7900 

EXP 

-79.7330, 

-72.5064, 

-65.1337, 

-57.6507, 

-50.0936 

EXP 

-42.5000, 

-34.9062, 

■27.3493, 

-19.6663, 

-12.4936 

EXP 

-5.2670, 

40.0000 

3.7660, 

12.6400, 

24.6900, 

30.9500 

(  IICR  ANCLE 

HAP  ALPWP 

PRDH  -100 

TO  100,  DELTA  -  20  DEC 

HQPII i 

EXP 

-364.5000, 

-364.6400, 

-274.4600, 

-200.0000, 

-125.0000 

EXP 

-42.5000, 
299. 5C54 

40.0000, 

115.0000, 

169.4766, 

279.6393 

DDQPHP: : UVXUVX I I 


PSIWPII 

DDQPM 

DDQPLO 

EXP 

-20.0,20.0,4.0 

DDQPI1 

EXP 

-100.0,100.0,20.0 

(•*  PUSELAGE  DELTA  DRAG  VS  PSIwr  •* 
I HAP  LOOK  UP  RDUTINE 
; INPUT  VARIABLE 
;DUTPUT  VAR I ABLE 
i  LOW  ANCLE  NAP  MANE 
i LOWER  LIH, UPPER  LIH, DELTA 
(BIG!  ANCLE  HAP  KANE 
j LOWER  LIH, UPPER  LIH, DELTA 


; LOW  ANCLE  HAP  PSIWf  PROH  -20  TO  20,  DELTA  -  4  DEC 


DDQPLD : 

EXP 

6.31, 

4.10, 

2.33, 

1.04,  0.26 

EXP 

0.00. 

0.26, 

1.04, 

2.33,  4.10 

EXP 

6. 31 , 

(  IIC1: 

ANGLE  RAP  P6IWP 

PROH  -100 

TO  100,  DELTA  -  20  DEG 

DDQPBI : 

EXP 

52.40, 

52.40, 

40.50. 

22.30,  6.31 
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TABLE  S-l.  Gti-S&A  SnCinC  FILE  (Coofd) 


0.90. 

52.40 


6.11, 


22.10. 


40.50.  52.40 


Dr.omr :  :bivbivm 


FUS.  DELTA  riTCH  HOHENT  V8  PSIWP  *• 
(HAP  LOOK  UP  ROUTINE 


EXP  PSIWPM .ALPWrM  (INPUT  VAR31, INPUT  VAKIL 
ORCMI  (OUTPUT  VARIABLE 

TROPLO  | LOW  ANCLE  NAP  NaHE 

EXP  -20. 0,20. 0,4.0, 'Oil (LOWER  LIU, UPPER  Lin , OELTA, 4 ITEMS  PSIWf 
EXP  -10.0,10.0,10.0  ( LOWER  Lin, UPPER  LIR .DELTA-IIC9  ANGLE 

OROrRI  j RICH  ANCLE  KAP  WANE 

EXP  -100. 0,100.0, 20. 0,*DlljLOWER  LIR, UPPER  LIR , OELTA, IITEH5  ALPWP 
EXP  -10.0,10.0,10.0  l LOWER  LIN, UPPER  LIR . 0ELTA-3IGB  ANGLE 

j  low  angle  hap  psiwr  -20  to  20  for  ALrwr  -10,0,10  oeg 


)  ALPWP 

-  -10  OEG 

DHQPLO: 

EXP 

6.67. 

4.11, 

2.46. 

1.10,  0.27 

EXP 

0.00, 

0.27, 

1.10, 

2.46,  4.31 

EXP 

6.67 

, •ALPWP 

-  0  DEC 

EXP 

5.00, 

1.21, 

1.64, 

0.61,  0.21 

EXP 

0.00, 

0.21, 

0.63, 

1.64.  3.23 

EXP 

5.00 

, ALrwr 

-  *10  OEC 

EXP 

0.65, 

0.55, 

0.31, 

0.14,  0.01 

EXP 

0.00, 

0.01, 

0.14, 

0.11,  0.55 

EXP 

0.65 

(RICH  ANGLE  HAP  PSIWP  -100  TO 

100  POR  ALPWP  -10. 0.. 

(ALrwr 

-  -10  DEC 

DRQPHI i 

LXP 

55.10, 

55.10, 

42.60, 

21.60,  6.67 

EXP 

o.oc. 

6.67, 

21.60, 

42.60,  55.10 

lXi< 

55.10 

* 

j ALrwr 

-  0  OEC 

EXP 

41.20, 

41.20, 

31.93, 

17.60,  5.00 

EXP 

0.00, 

5.00, 

17.40, 

11.90,  41.20 

EXP 

41.20 

{ALrwr 

•  10  OEG 

EXP 

7.10, 

7.10, 

5.4*, 

1.01,  0.65 

EXP 

0.00. 

0.65, 

1.01, 

5.46,  7.10 

EXP 

7.10 

(••  FUSELAGE  6 IDEEORCE 

vs  psiwr  •• 

YOPHP: : 

UVRUVRM 

I  HAP  LOOS 

UP  ROUTINE 

EXP 

PSIWPM 

(INPUT  VARIABLE 

tom 

(OUTPUT  VARIABLE 

YOTLO 

(LOW  ANGLE 

HAP  NAHE 

EXP  -20. 

C.2n.o,2 

.0 

(LOWER  LIH 

.UPPER  LIH, DELTA 

TO  PR  I 

(R1GR  ANGL 

E  KAP  NAHE 

EXP  -100.0,100.0 

,20.0 

(LOWER  LIH 

.UPPER  LIH. DELTA 

(LOW  ANGLE  KAP  PSIwr  -20  TO  20 

.  DELTA  -  2  DEG 

TQPLO: 

EXP 

-1.57. 

-1.11. 

-2.72, 

-2.13.  -1.96 

EXP 

-1.40, 

-1.27, 

-0.94, 

-0.62,  -0.11 

EPP 

0.00, 

0.31, 

0.62. 

0.94,  1.27 

EXP 

1.61. 

1.96. 

2.11, 

2.72,  3.11 

EXP 

1.56, 

j  IICR 

ANCLE  HAP  PSIWP  -100  TO 

100.  OELTA  -  2  OEC 

tQPRI 1 

EXP 

-16.94. 

-10.00, 

-16.99, 

-9.62.  -1.57 

EXP 

0.00, 

1.17, 

1.62, 

16.99.  10. CC 

EXP 

16.94, 

TABU  E-l.  ce-SSA  SPECIFIC  FILE  (Cant'd) 


PUf CLACK  KOLLINC  NOHEKT  VI  PIIWP  •• 

rqprpsj  uvruvrm  ihap  look  up  routine 

Kir  psiwrtt  »input  variable 

ROM*  | OUTPUT  VARIABLE 

RCFLO  (LON  ANCLE  HAP  NAME 

P-'.P  -20.0,20.0,2.0  (  LOWER  LIH.  UPPER  LIR, DELTA 

ROPHI  (  HIGH  ANCLE  HAP  RARE 

EBP  -100.0.100.0,20.0  ; LONER  LIH, UPPER  LIH, DELTA 


(LOW  ANCLE 

HAP  PSIWr 

rROH  -20  TO 

20  OEC,  OELTA  •  2 

ROTLO- 

EXP 

-14.91, 

-15.47, 

-13.94, 

-12.35. 

-10.70 

EXP 

-9.00, 

-7.25, 

-5.47, 

-3.44, 

-1.84 

EXP 

0.00, 

1.84, 

3.44, 

5.47, 

7.25 

UP 

9.00, 

10.70, 

12.35, 

13.94, 

15.44 

EXP 

14.91 

(RICH  ANCLE 

RAP: PSIWr 

PROH  -100  TO  100  DEC. 

DELTA  < 

itQFSI : 

UP 

9.00, 

-9.00, 

-22.79, 

-25.91, 

-14.91 

EXP 

0.00. 

14. VI. 

25.91, 

22.79, 

9.00 

EXP 

-9.00 

rUSELAGE  TAWING  HOHENT  VS  PSIRT  •• 
NQPHP:  :  UVBUVRM  (RAP  LOOK  OP  ROUTINE 

PSIWPM  |  INPUT  VARIABLE 

NQ74I  (OUTPUT  VARIABLE 

NQfLO  (LOW  ANCLE  HAP  HAHE 

EXP  -20.0,20.0,2.0  (LOWER  LIN, UPPER  LIH, DELTA 

NQPII  (RICH  ANCLE  RAP  MAHE 

UP-100.0, ICO. 0,20.0  (LOWER  LIH, UPPER  LIH, DELTA 


(LOW  ANCLE 

HAP  PRIWP  - 

20  TO  20 

,  DELTA  -  2  DEG 

NQrLO: 

EXP 

-49.45, 

-44.43. 

-58.48, 

-52.44, 

-45.77 

EXP 

-34.72, 

-31.34, 

-23.75, 

-15.94, 

-8.00 

EXP 

0.00, 

8.00. 

15.93, 

23.75, 

31.34 

exp 

31.73, 

45.77, 

52.44, 

58.48, 

44.43 

EXP 

49.45 

(B1CI  ANCLE 

HAP : PilRP 

-100  TO 

100  DEC,  OELTA  - 

20 

NQPHI t 

EXP 

270.41. 

123.51, 

-12.79, 

-82.95, 

-49.45 

EXP 

0.00. 

49.44, 

82.95, 

12.79. 

123.51 

UP 

-270.41 

;••••••  ROTOR  INTERFERENCE  ON  TIE  PURLEACE  <  RRPA )  •••••• 

(••  ROTOR  X-rACTOR  ON  TURELACE  HAP  •• 
EJCWPRP:  :UVRII  (HAP  ARCUREWT: LOOP  UP  ROUTINE 

CBIPRR4*  (INPUT  VARIABLE 

EKXWT4I  (OUTPUT  VARIABLE 

EXWFLO  ( LOW  AN CL  HAP  KANE 

UP  -20.0,100.0,10.0  (LOWER  LIR, UPPER  LIR, DELTA 

CXVPLO:  EXP  -0.15,  -0.04,  0.01,  0.20,  0.11 

EXP  0.41,  0.60,  3.74.  0.IV,  1.00 

EXP  0.20.  -0.40,  -0.55 

(••  ROTOR  I-TACTOR  ON  rURELACE  HAP  •• 
EZWPNP: lUVRtl  (HAP  LOCK  UP  ROUTINE 

CRIPHR44  (INPUT  VARIABLE 

EKXWPM  (OUTPUT  VARIABLE 

EIWPLO  (LOW  ANCLE  NAP  NAHE 

EXP  -20.0.100.0.10.0  (LOWER  LIH, UPPER  LIH. DELTA 

EZWPLO:  UP  1.20,  1.21,  1.22,  1.23,  1.24 

EXP  1.25.  1.24.  1.27,  1.21.  1.29 

EXP  1.15.  1.00.  1  05 
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TAALX  K-l.  GB-58A  SPECIFIC  FILS  (Coat'd) 


I .  INPUT  PARAMETERS  TOR  PANEL  91  (HORIZONTAL)  *••••• 

)•••••  ( DH-58A  DATA  PRDR  C-»l  LISTING)  ••••• 

I .  (E-  *.65  PT»*2,  AR-  6.29,  TR-  1.0,  SWEEP*  0,  •-  .*) 

PSPl::  258.21 3  )  FUSELAGE  STATION, INCH 

NLPl : :  72.91  j  MATERLINE  STATION , INCH 

8LP1 : :  0.0  >  BUTTLINE  STATION, INCH  (♦IVE  TO  PDRT) 

SAP1 : :  9.65  |  SURFACE  AREA, PT**2 

GAHP1 : :  0.0  )  PANEL  ORIENTATION, DEG 

lOPls;  0.0  I  PANEL  INCIDENCE, OEG 

CPI U  1.0  I  PANEL  NEAN  AERO  CHORD, PT 

HORIZONTAL  STABILIZER  LIFT  VS  ALPPF1  •• 

CLP1HP: rUVRUVRII  JRAP  LOOK  UP  ROUTINE 

ALPPPl II  J  INPUT  VARIABLE 

CLP1II  | OUTPUT  VARIABLE 

CLP1LO  {LOW  ANGLE  NAP  NAME 

EXP  -30.0,30.0,5.0  J  LOWER  LIN, UPPER  LIN, DELTA 

CLP 1 HI  ;HIGH  ANGLE  HAP  NAME 

EXP  -90.0,90.0,10.0  jLOWER  LIN, UPPER  LIN, DELTA 

I  LOW  ANGLE  RAP:ALPPPJ  -10  TO  10,  DELTA  -  S  OEG 
CLP1LO:  EXP  -0.880,  -0.9i0,  -1.1*0,  -1.050,  -0.790 

EXP  -0.500,  -0.265,  -0.125,  C.010,  0.100 

EXP  0.210,  0.110,  0.110 

jHIGH  ANGLE  HAP : ALPPPl  -SO  TO  90  DEG,  DELTA  -  10  DEG 
CL Pi HI :  EXP  0.000,  -0.119,  -0.870,  -0.265,  0.110 

EXP  0.165,  0.000 

J*»  HORIZONTAL  STABIL7LER  DRAG  VE  ALPPPl  •• 

CDPlHP: :UVRUVRM  (NAP  LOOK  UP  ROUTINE 

ALPPPl**  J  INPUT  VARIABLE 

CDP1 « t  j OUTPUT  VARIABLE 

CDP1LO  J  LOW  ANGLE  NAP  NAME 

EXP  -10.0,10.0,5.0  j LOWER  LIN, UPPER  LIH, DELTA 
CDP1HI  JHIGH  ANGLE  HAP  KAHE 

EXP  -90.0,90.0,10.0  | LOWER  LIH, UPPER  LIH, DELTA 


j  LOW  angle 

HAP  ALPPPl 

-10  TO  10. 

DELTA  -  5  DEG 

CDP1LD : 

EXP 

0.601. 

0  .  •  70  . 

0.118, 

0.225, 

0.145 

EXP 

0.105, 

0.085, 

0.077, 

0.085, 

0.110 

EXP 

0.275, 

0.409, 

0.601 

JH1GR  ANGL 

E  RAP: ALPPPl 

-90  TO  90 

DEG.  DELTA  - 

10  DEG 

CDP1HI : 

EXP 

1.200, 

1.0(0, 

0.601, 

0.085, 

0.601 

EXP 

0.9(0, 

1.200 

I . .  INPUT  PARAMETER  PDR  ROTOR  INTER TERENCE  OW  THE  RDRIZ . TAIL  II  { HRPA) 

I**  ROTOR  X-PACTOR  OW  RORIIOWTAL  TAIL  •• 
EXP1HP: ;RIV»»  jHAP  LOOK  UP  ROUTINE 

EXP  CNIPHRII .AAlPHRI*  | INPUT  VARI1, INPUT  VAR»2 
EKXPltl  JOUTPUT  VARIABLE 

rXPILD  i HAP  NAME 

EXP  0.0. 90. 0.10.0, "010  t LOWER  LIH, UPPER  LIH. DELTA 

EXP  -10.0,10.0,10.0  J  LOWER  LIH, UPPER  LIH, DELIA 


jCRIPHR  0  TO  90  DEG  FOR  AA1PKR  -10,0,10  DEG 
jAAIPHR  -  -10  DEG 


EXP1LD:  EXP 
EXP 

0.15, 

0.91. 

0.28. 

1 .1  j. 

0.»2, 

1.15. 

0.58, 

1.55, 

0.75 

1.75 

EXP 

|AA>PHR  - 

-0.20, 

0  DEG 
-0.08, 

0.86, 

0.22, 

0.18 
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XAfiLK  1-1.  0U-5SA  SPICinC  FILE  (Coat'd) 


EXP 

0.56.  0.71, 

0.91, 

1.21, 

1.41 

EXP 

EXP 

j AA1 FNR  -  3  DEC 
-0. S3,  -0.42, 

0.14,  0.32, 

-0.30, 

0.54, 

-0.17, 

0.79, 

-0.02 

1.01 

EZP1HP:  :BIVM 

CBIPWlM 

AAipnr.u 

EKZP1M 

ESPlLO 

EXP  0.0,90.0,10 
EXP  >10.0,10.0, 

{*•  ROTOR  Z-PACTOB  ON  BDXISONTAL  TAIL 
{RAP  LOOK  UF  SOUTINE 
{INPUT  VAX 1 AXLE  11 

1  INPUT  V API AXLE  12 
) OUTPUT  VAXIAXLE 
{ LOW  ANCLE  MAP  HAKE 

. 0,*D10  ! LOWER  LIH, UPPER  Lin, DELTA, I I TENS 

10.0  { LOWER  LIN, UPPER  LIN, DELTA  AA1PNR 

NAP  •• 

EZP1LD:  EXP 

EXP 

jCBIPRR  0  TO  90  DEG  POX 
|AA1 PNR  -  -10  DEC 

1.49,  1.50, 

1.50,  1.49, 

AA1PHX  -10, 

1.S0, 

1.41, 

0,10  DEC 

1.51, 

1.47, 

1.50 

1.44 

EXP 

EXP 

{ AAlPHR  -  0  DEC 

1.42,  1.47, 

1 . $4 ,  1.61, 

1.51, 

1.72, 

1.55, 

1.71, 

1.60 

1.10 

EXP 

EXP 

jAAlPRS  -  -10  DEC 

1.23,  1.31, 

1.45,  1.74, 

1.39, 

1.14, 

1.41, 

1.95, 

1.51 

2.06 

•  rURELACE  INTEXPERNCE  ON  TIE  BORIS. TAIL  (NPPA) 

BDRI SONTAL  TAIL  DYHANIC  PRESSURE  RATIO 

QP1NP : 

:  CONST! 1 

1  NAP  LOOK  UP  ROUTINE 

10.101 

QPIQMPt 1 

{OUTPUT  VARIABLE 

•  INPUT  PARANETERS  POX  PANEL  13  (VERTICAL  TAIL)  •••••• 

* 

•  (R-  9.11 

PT«*2,  AX-  4.67,  •-  0.9)  «••••• 

TSP3 : : 

354.6 

{  FUSELAGE  STATION,  INCRES 

NLP3 : : 

•  5.9 

{  NATEXLINE  RVATION.  INCRES 

RLP3  : : 

-1.0 

{  XUTTLINE  STATION, INCR  (*IVE  TO  POST) 

SAP  3 :  : 

9.11 

1  SURFACE  AREA,PT**2 

CANP3: 

90.0 

I  PANEL  ORIENTATION, DEC 

I0P3: : 

4.0 

1  PANEL  INCIDENCE. DEC 

CP3: : 

1.0 

I  PANEL  ILEAN  AERO  CRORD,  FT 

VERTICAL  STABILISER  LIFT  VS  ALPPP3  RAP 

CLP3RP 

:  .-UVRUVRM 

; RAP  LOOK  UP  ROUTINE 

ALPPP3II 

{INPUT  VARIABLE 

CLP3II 

{OUTPUT  VARIABLE 

CLP3LO 

{LOW  ANCLE  RAP  HARE 

EXP  - 

30.0,30.0,5.0 

{LOWER  LIR, UPPER  LIN. DELTA 

CLP 3HI 

•RICH  ANCLE  RAP 

EXP  - 

90.0,90.0,30.0 

{LOWER  LIR, UPPER  LIN. DELTA 

I U3W  ANCLE  RAP  ALPPP3  >30  TO  30.  DELTA  -  5  DEO 


CLP3LD: 

EXP 

-0.753, 

-0.790. 

-0.775, 

-0.640, 

-0.430 

EXP 

-0.200, 

0.000, 

0.225, 

0.445, 

0.455 

EXP 

0.775. 

0.795, 

0.753 

{RICH  ANCLE 

RAP : ALPPP3  - 

•90  TO  90 

DEC.  DELTA  - 

30  DEC 

CLP3II  : 

EXP 

0.000. 

-0.350. 

-0.753. 

0.000. 

0.753 

EXP 

0.250. 

0.000 

{••  VERTICAL 

STABILISER 

DRAG  VS 

ALPPPJ  •• 

CDP3NP: 

I  UVRUVRM 

I  RAP 

LOOK  UP  ROUTINE 
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TABLE  E-l.  GH-5SA  SPECIFIC  FILS  (Cont’d) 


v 


alffpsii 
CDF344 
CD P 3 10 

EXP  -30. 0,3). 0,5.0 
CDP.’HI 

EXP  -90.0, .0.0, 30.0 


j INPUT  VARIABLE 
1 OUTPUT  VARIABLE 
I  LOW  ANCLE  RAP  NAflE 
) LOWER  LIH, UPPER  LIM, DELTA 
jHIGH  ANCLE  RAP 
;  LOWES  LI  A,  UPPER  LIfI,  DELTA 


j  LOW  ANGLE 

HAP  a ir*?i 

-30  TO  30, 

DELTA  -  5  DEG 

CDP3LO: 

Exr 

0.352, 

0.142, 

0.160, 

0.006, 

0.051 

EXP 

0 , 02? , 

0.012, 

0.022, 

0. 052, 

0.098 

EXP 

v.^60. 

0.248, 

0.352 

j  BIGS  ANGLE  HAP:ALrPP3 

-90  TO  90 

DEG,  DELTA  - 

30  DEG 

CDF3BI . 

Exr 

1.200, 

0.900, 

0.352, 

0.012, 

0.352 

f  1 

Exr 

ROTOR 

0.900, 

INTERFERENCE 

1.200 

ON  THE  VERT 

I CAL  TAIL 

11  ( MT.PA )  •*** 

*  * 

EXP3RP: ■ BIV44 
EXP  CHIPF.R44  ,  AAl  THRU 

EKXP344 
EXF3 

EXP  0.0, 90. 0,10.0, ‘D10 
EXP  -10.0,10.0,10.0 


**  ROTOR  X-rACTOR  ON  VERTICAL  TAIL  RAP  •* 

RAP  ARGUMENT: LOOK  UP  ROUTINE 

INPUT  VARIABLE  tl,  INPUT  VARIABLE  12 

OUTPUT  VARIABLE 

LOW  ANGLE  RA?  NAME 

LOWER  LIR, UPPER  LIH , DELTA, IITEHS 

LOWER  LIH , UrPER  LIH .DELTA  -  AA1PHR 


(CHIPHR  0  TO  90  FOR  AAlFMi*  -10,0,10  DEG 


; AA1FHR  - 

•10  DEG 

EXP  3: 

EXP 

-0.47, 

-0.03,  0.52, 

0.71, 

0.91 

EXP 

1.12, 

1.35,  1.61, 

0.66, 

0.00 

;AA1FHR  - 

0  DEG 

EXP 

-0.45, 

-0.57,  -0.70, 

0.30, 

0.54 

EXP 

0.77, 

1.02,  1.30, 

1.61, 

0.00 

JAAIPHR  - 

10  DEG 

EXP 

-0.57, 

-0.65,  -0.74, 

-0.82, 

-0.88 

EXP 

-0.91, 

-0.89,  -0.78, 

1.33. 

0.00 

ROTOR  Z-FACTOR  ON 

VERTICAL  TAIL 

RAP  • 

EZP  3hP 

:  : BI VI 1 

(RAF  ARGUMENT : LOOK  UP 

ROUTINE 

EXP 

CHIPHR* 1 

.AAlPHRII 

; INPUT  VARIABLE  11,  INPUT  VARIABLE 

12 

EKZr  311 

; OUTPUT  VARIABLE 

EZP3LO 

; LOW  ANGLE  RAP  NAME 

EXP  0 

.0.100.0,10.0, ‘Dll 

; LOWE R  LIH, UPPER  LI H , OELTA , 4 I TEHS 

EXP  - 

10  0,10.0, 

10. 0 

; LOWER  LIH, UPFER  LIH,C 

iCLTA  -  AAl  FHR 

] CHIPHR  0 

TO  100  DEG  FOR  AAl FHR 

-10.0,10  DEG 

;  AA 1 P  HR  - 

-10  DEG 

E1F3LO 

:  EXP 

-0.15, 

0.98,  1  77, 

1.77, 

1.76 

EXP 

1.74, 

1.71,  1.68, 

t 

1.15 

EXP 

0.70 

lAAlPHP  - 

0  DEC 

EXP 

-0.17, 

-0.07,  0.09. 

1.92, 

1.98 

EXP 

2.01, 

2.03,  2.04, 

2.05, 

0.34 

EXP 

0.25 

j  AAl FHR  - 

3  DEG 

EXP 

-0.11, 

-0.01,  0.13, 

0.30, 

0.53 

EXP 

0.82, 

1.16,  1.56, 

2.45, 

2.26 

EXP 

0.50 

t 

•  FUSELAGE 

INTERFERENCE  ON  THE  VERTICAL  TAIL  4A  (WPPA) 

VERTICAL  TAIL  DYNAMIC  PRESSURE  RATIO  RAP  •• 
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TABU  B-l.  0B-58A  SPECIFIC  flU  (Coat'd) 


QP3RP ! i  CONST! ! 

ixp  11.0) 

OP3owrii 


(HAP  LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
( OUTPUT  VARIABLE 


EPP3RP: : CONST! I 
EPSP1 !! 
EPSP3I ! 


(•*  BOOT  DOMNWASH  ON  VERTICAL  TAIL  RAP  •• 
)KAP  LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(  OUTPUT  VARIABLE 


SGP3HP l (CONST!! 

SIGP1!! 

SIGP3!! 


(••BOOT  SIOEWASH  ON  VERTICAL  TAIL  HAP  •* 
; RAP  LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
( OUTPUT  VARIABLE 


INPUT  PAR RATE PS  POR  TAIL  ROTOR  (!A)  -  (BAILEY) 


RTR: :  2.58333  (RADIUS, fT 

OHEGTP.:  :272 .2712;TRIR  ROTATIONAL  RATE  .RAD/SEC 

BTR::  2 . C  (ACTUAL  NUMBER  OT  BLADES 

PSTR:  :  352.180  ; FUSELAGE  STATION, IN 

HLTR : :  87.177  (MATERLINE  STATION, IN 

BLTR: :  10.0  (BUTTLINE  STATION, IN  l  +  IVE  TO  PORT) 

TN5TTR ; : 0 . 0  (BLADE  TNI  ST , OATUR  CENTER  OP  ROTATION, OEG 

BI ASTR : : 0 . 0  (BLADE  PITCH  CORRECTION  TOR  N. L.THIST(NEG  REOUCES  PITCH) 

GARTR: :-90.0  (TAIL  ROTOR  CANT  ANGLE, OEG 

OEL3TR;  i  P.  0  (FLAPPING  RTNGE  OPPSET  ANGLE, OEG 

OELTTR : : 0 . 0  (RATE  Or  Cf.ANGE  C F  CONE  ANGLE  MITE  THRUST. OEG/LB 

CHRDTR: : .4333  (BLADE  CHOrtO.TT 

ATR::  5.73  (BLADE  LIPT  CURVE  SLOPE, 1/RAD 

BTLTR:i  .975  (BLADE  TIP  LOSS  FACTOR 

COTR::  1.0  (TAIL  ROTOR  BEAD  ORAG,rT**2 


)••»•••  ROTOR  INTERPERNCE  ON  TAIL  ROTOR  ( HRPA) 


EXTRHPm  CONST!! 

EKXP3M 

EKXTRM 


(••  KOTOK  X-PACTOK  ON  Ti.L  ROTOK  RAP  •• 
(RAP  LOOK  UP  ROUTINE 
[INPUT  VARIABLE 
(OUTPUT  VARIABLE 


EITRRP: : CONST! I 
EPIP3M 
EK2TRI I 


(••  ROTOR  X~ FACTOR  ON  TAIL  ROTOR  RAP  *• 
(RAP  LOO*  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


PU5ELAGE  INTERFERENCE  ON  TBE  TAIL  ROTOR  (MPPA) 


QTRRP : ;  CONST! I 
0P3QNP 

OTROMP!! 


(••  TAIL  ROTOR  OYNARIC  PRESSURE  RATIO  RAP 
;RAP  LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


EPTRRP : (CONST!! 

EPSP1 1 1 
EPSTRM 


BODY  DOMNWASH  ON  ,*IL  ROTOR  RAP  -*« 
(RAP  LOOK  UP  ROUTINE 
; INPUT  VARIABLE 
(OUTPUT  VARIABLE 


SGTRRPi i CONST!  I 
IIGP1I! 

SIGTRM 


;*•  BOOT  SiOrMASN  ON  TAIL  ROTOR  RAP  •• 
I  PAP  LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


;••••••  VERTICAL  TAIL  INTERPERENCE  ON  TAIL  ROTOR  INFLOW  •*•••“ 

V*VTTR::30.C  (  AIRSPEEO  BREAK  PT.  -  NO  BLOCKAGE  ABOVE. KT. 

XBVTTK: J . 195  (  TAIL  BOTOR  BLOCKAGE  CCEP.  AT  BOVTR 
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TABLE  E-l.  OH-58A  SPECIFIC  FILE  (Cont'd) 


INPUT  PARAMETERS  FOR  EQUATIONS  Of  NOTION  («A> 


FSCG: : 

109.1 

WLCGs  : 

55.0 

■ICG:: 

0.0 

WEIGHT: 

:  2790.0 

IX: : 

526.0 

IY:: 

2460.0 

It:  : 

2029.0 

1X2: : 

356.0 

IY2 : : 

0.0 

IXY : : 

0.0 

j  FUSELAGE  STATION, Or  C.G..INCB 

I  WATERLINE  STATION  OF  C.G.,:NCH 

j  BUTTLINE  STATION  Or  C.G.,INCE  (♦IVE  TO  PORT) 

I  AIRCRAFT  GROSS  WEIGHT, LBS. 

I  INERTIA  ABOUT  BODY  X-AXIS , SLUG- FT* *2 
j  INERTIA  ABOUT  BODY  Y-AXIS , SLUG- FT* *2 
1  INERTIA  ABOUT  BODY  t-AXIS,SLUG-FT**2 
*  CROSS  COUPLING  INERTIA, SLUG- FT* *2 
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DH-JM  Thre«-Vi*w  Drawing 


prrCH  ATTrnjDE  - 


FLIGHT  TEST 
Gen'rlel 


GW  -  2770  pounds 
Hd-6100  feet 
FSCG-  111.9 


0  20  40  60  60  100  120  140  160 

AIRSPEED  -  knots 


Figure  1-2.  OU - }8a  Fitch  Attitude  Correlation 
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FLIGHT  TEST 
GenHel 


GW.  2770  pounds 
Hd  -  6100  feet 
FSCG-111.9 


Figur.  1-3.  OH- 58A  Longitudinal  Stick  Correlation 
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FJGHT  TEST 
GenHel 


GW  »  2770  pounds 
Hd»  6100  feet 
FSCG-  111.9 


Fifur*  K-4.  GH-5SA  Lateral  Stick  Correlation 


J09 


□  FUGHTTEST 
““ ™  GanHel 


GW-2770  pounds 
Hd-6100  feet 
FSCG-1 1 1 .9 


AIRSPEED  -  knots 


rigur*  1-5  0U-5IA  Collective  Stick  ComUtloo 
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PEDAL  POSITION 


FLIGHTIEST 

Ger.Hel 


GW  «  2770  pounds 
Hd- 6100  feet 
FSCG-  111.9 


AIRSPEED  -  knots 


Figure  1-6.  OH  5&A  Pedal  Corralatloa 


311 


Flgur*  1*7.  OH  -  50  lUin  Eotor  ll«d(  TVist  Hap 


M 


•U  N  -M.N  9  00 

ALFnF 


TbTfi 


•V  oo 


99.00 


99. 09 


Flgura  I-l.  %-StA  Fu*al*ga  Lift  K*|> 


313 


Fijur*  1-9.  OH-SU  FUMUp  Dr«£  kif 


Fljur*  I - 13 .  GB-SlA  FUi«li|«  Sldtforc*  Ktp 
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Figure  E-22.  0H-5IA  Vertical  Sublllitr  Lift  K*p 
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Fijuro  *25.  OH- 5*A  H»1d  lotor  Doranh  oo  V«rtic*l  StaMUxor  (r- direct  loo) 
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APPENDIX  F 


AH- IS  MODEL  DATA 


The  AH-1S  Cobra  (Figure  F-l)  is  the  latest  version  of  thie  attack  helicopter 
in  service  with  the  U.S.  Army.  The  original  Cobra  was  developed  during 
Vietnam  to  provide  a  purpose-built  ground  attack  aircraft.  Since  that  time 
the  design  has  been  constantly  upgraded  and  refined.  Two  basic  versions 
exist.  Single-engine  variants  using  upgraded  T53  engines  for  the  U.S.  Army 
and  two-engine  types  for  the  U.S.  Marine  Curps.  The  AH-1S  represents  the 
currant  U.S.  Army  type  and  is  fitted  with  a  flat-plate  canopy,  an  upgrade^ 
T53-L-703  engine,  and  new  composite  rotor  blades  built  by  Raman  Aerospace. 
The  aircraft  has  improved  avionics  and  systems  over  earlier  versions.  The 
Cobra  has  a  maximum  takeoff  gross  weight  of  10,000  pounds,  a  rotor  diameter  of 
44  feet,  and  is  powered  by  a  single  Lycoming  T53-L-703  turbcshaft  engine  with 
an  IRf  of  1600  shp.  Howe/er,  the  main  gearbox  is  limited  to  1290  shp. 

The  tvo-blaoed  main  rotor  is  a  classical  Bell  teetering  design.  The  blades 
are  built  by  Kaman  Aerospace  Corporation  and  are  of  composite  construction 
with  a  multi-cell,  ballistically  tolerant  spar.  The  chord  is  a  constant  30 
Inches  up  to  the  85  percent  radius  point  where  it  has  a  linear  taper  to  ten 
Inches  at  the  tip.  Built-in  twist  is  a  linear  ten  degroes.  A  Boeing  VR-7 
airfoil  is  used  over  most  of  Che  blade  transitioning  to  a  VR-8  outboard.  The 
AH-1S  tell  rotor  is  a  two-bladed  unit  8  feet  6  inches  in  diameter,  mounted  as 
a  tractor.  A  15.1-equsre-foot  stabilizer  is  mounted  in  the  miodle  of  the  tail 
boom  and  mechanically  connected  to  the  longitudinal  stick. 

The  CenHel  simulation  model  was  created  using  the  data  from  References  14  to 
17.  This  model  used  the  same  corrected  glaballed  rotor  file  used  for  the 
OH-58A.  Trim  correlation  data  are  shown  in  Figures  ?-2  to  F-7.  The  flight 
test  data  were  taken  from  Figure  26  of  Reference  15.  Test  conditions  were: 

CU  -  8120  pounds 

FSCC  -  193.9 

Density  Altitude  -  2200  feet 

Rotor  Speed  *■  324  RPM 

Overall,  the  correlation  of  CenHel  to  flight  was  very  good.  Longitudinal 
stick  had  a  one-half  inch  forward  bias  and  CenHel  showed  one- inch  more  pedal 
at  140  knots. 

All  of  the  numerical  data  used  to  model  the  AH- IS  are  provided  in  this  appen¬ 
dix.  The  first  section  is  a  tabular  listing  of  all  the  input  data  (Table 
F-l).  The  second  section  presents  plots  of  the  map  data  for  fuselage, 
vertical  tall,  horizontal  tall,  and  wlng/etores  . upport  aerodynamics  along 
with  plots  of  the  rotor  interference  and  fuselage  interference  data  (Figures 
F-8  to  F-27) .  The  tabular  data  are  provided  with  appropriate  labels.  Map 
data  are  identified  with  CenHel  variables  provided  in  the  List  of  Symbols. 
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For  the  AH- IS  so del,  the  panel  allocation  vaa  aa  follow* 


1.  Horizontal  tall 

2.  Non* 

3.  Vertical  tall 
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ZABLE  P-1.  AH -IS  SPECIFIC  FILE 


jHprjT  PARAMETERS  FOR  RAIN  ROTOR  NODULES  («A)  **•*•* 

»•••»••  DATA  FROK  Cil  TO  1UFFORT  AH-1G  AIRCRAFT  USED  FOR  AH-1*  ••• 


FSRR::  200.00 
WLMR : :  1 S2  .  ? <S 

BLHR : :  0.0 

R.1R::  22.00 

DRGTRR-:J3  93 
BHR : :  2.0 

ISNJtss  0.0 
ILKK: :  C.O 
DELSKR: :  0.0 
DEL3MR::  0.0 
KAr 1  MR :  :  0.0 
RAi»2HF.::  0.0 
CBDTRR : :  1.6 
CBDPMR :  :  3.09 
OESTMR: : 0  -  0 
S°RLRR : : 4 . CCS 
NfBDM.-  :  %  7  S  •  6 
IBM? : :  1305  08 
mbr:-;:  1 0  f  j  .  5  5 
1RNR::  2750.4 
BID0::  2.75 
BTLMR :  :  .57 
DCDHF : :  .CC2 
VBSMR :  :  2 
NSSMR :  :  S 


FUSELAGE  STATION, INCBES 

WATERLINE  STATION, INCHES 

BUTTLINE  STATION, INCHES  (*IVE  TO  FORT) 

RADIUS, TT. 

TRIE.  ROTATIONAL  SPL'ED ,  RAD/SEC 
ACTUAL  NUMBER  OK  BLADES 

LONGITUDINAL  SPATT  TILT,  (  POS  .  BACKWARDS  ),  DEG 
LATERAL  SHAFT  TILT ,( POS . STARBOARD ), DEG 
•«  SHWASHRLME  FHA5E  ANGLE,  DEG 
FLAPPING  HINGE  Or?5ET  ANGLE, DEG. 

••  LAGGING  BINGE  OFFSET  COEE. ( EUNC ( LG ) ) 

•»  LAGGING  R'NGE  OFFSET  COET. ( FUNCf LG»»2) ) 

BLADE  CBOFD  AT  TIP, FT. 

BLADE  CHORD  AT  ROOT, FT. 

••  BINGE  OFFSET, FT. 

**  HINGE  TO  START  OF  BLADE, FT. 

KEIGBT  OF  ONE  BLADE, LBS. 

••  BLADE  MOMENT  OF  INERTIA  ABOUT  BINGE, SLUG-FT*»2 
•«  BLADE  MASS  MOMENT  ABOUT  BINGE, SLUG-PT*«2 
•*  ROTOR  POLAR  HOB  OF  INERTA  (LESS  BLADES ) , SLUG- FT* *2 
•*  PRECOI.’E  FOR  GIMBA".  ROTOR 

BLADE  TIP  CUT  OFF  RATIO  (C81  USES  EQUATION  FOR  G) 

delta  drag  coet.  tor  eacb  segment 

NUMBER  or  BLADES  SIMULATED , Tl X  POINT 
NUMBER  Of  SEGMENTS  SIMULATED , FIX  POINT 


I  ••  MAIN  ROTOR  LINEAR  TWIST  HAP  •• 


TVHRMP: 

:UVS!i 

1  RAP  LOOK  UP  NAME 

XSEGMR4I 

1  INPUT  VARIABLE  NAME 

TVSTHR4I 

1  OUTPUT  VARIABLE  NAME 

TWMRLO 

;  RAP  NAME 

EXP 

o 

o 

»-» 

o 

o 

1  LONER  LIR, UPPER  LIR, DELTA 

TVHRLO: 

EXP  0.00, 

0.00,  -1.36,  -2.38,  -3.38 

EJP  -4.38, 
-XP  -9.38 

-5.38,  -6.38,  -7.38,  -8.36 

t  * 

RAIN  ROTOR  DOWNWASH  SUBMODULE  (*A)  . 

KCTMR: : 

1.0 

|  TBRUST  GAIN  FOR  UNITORR  DOWNWASH 

XCMHR : . 

0.0 

j  riTCH. non. gain  tor  downwash  sin. harmonic 

RSLRRi t 

0.0 

I  ROLL  ROM. GAIN  TOR  DOWNWASH  COS . HARMON I C 

TDWOhr: 

: .01038 

1  TIRE  CONST. rCR  UNIFORM  DOWNWASH  FILTER, SEC 

TDWCRR  : 

:  0.0 

I  TIRE  CONST.  TOR  DOWNWASH  S I N  .  HARMON  .  F I LTER ,  SEC 

TDMSHR: 

:  0.0 

1  TIRE  CONST. TOR  DOWNWASH  COS . HARMON . ri LTER , SEC 

INTUT  PARAMETERS  FOR  FUSELAGE  (*A)  . * 

1 . 

MOf.TING  POINT 

Or  MODEL  IN  WIND  TUNNEL 

FSWf : : 

199  3 

;  EUSELAGE  STATION. IN. 

WLWr  :  r 

71.2 

;  WATERLINE  STATION , IN. 

BLWr :  : 

0.0 

;  BU7TLINE  STATION, IN.  (♦IVE  TO  PORT) 

iwr :  : 

0.0 

;  MING  INCIDENCE, DEG. 

FUSELAGE  LI TT  ( TAI L-OFT )  VJ  ALFYE  RAr  •• 

LQrHP :  : 

UVRUVRM 

,-RAP  LOOR  UP  ROUTINE 

ALCWT*  4 

,- INPUT  VARIABLE 

LQr»4 

;OUTEUT  VARIABLE 

lotlo 

1  LOW  ANGLE  RAP  HARE 

EXF 

-20.0,20.0,2.0 

1  LOWER  LIR.UrrER  LIR, DELTA 

LQFHI 

IBIGB  ANGLE  RAP  NAME 
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TAJ  UK  ?-l.  AH -13  SPECIFIC  FILE  (Cant'd) 


EXP  -100.0,100 .0,20.0  (LONER  LIH, UPPER  LI  A,  DELTA 


J  LON  ANGLE  HAP  ALFWF  -20  TO  20,  DELTA  -  2 

r 

LOTLOi 

EXP 

-5.16, 

-4.91,  -4.59,  -4.19, 

-3.72 

EXP 

-3.18, 

-2.59,  -1.96,  -1.31, 

-0.65 

EXP 

0.00, 

0.62,  1.20,  1.72, 

2.16 

EXP 

2.52, 

2.71,  2.94,  2.99, 

2.95 

EXP 

2.82 

{  HIGa  ANGLE  NAP  ALFWF  -100  TO  100,  DELTA  - 

20 

L0PH1 : 

EXP 

-0.70, 

-0.85,  -2.35,  -3.75, 

-5.16 

EXP 

0.00, 

2.S2,  2.00,  1.20, 

0.40 

EXP 

-0.45 

(•*  FUSELAGE  DRAG  (TAIL-OFF)  VS  ALFWF  •* 

DQFHP i : 

UVRUVRI I 

(  HAP  LOOK  UP  SOUTINE 

ALPWPM 

(INPUT  VARIABLE 

DCP4I 

j OUT PUT  VARIABLE 

DQFLO 

(  LON  ANGLE  HAP  HARE 

EXP 

-20.0,20 

'.0,2.0 

{LONER  LIN. UPPER  LIH, DELTA 

DO  PHI 

{HIGH  ANGLE  HAP  NAHE 

EXP  -100.0,100. 

0,20.0 

/LONER  LIH, UPPER  LIH, DELTA 

1  LON  ANGLE  HAP  ALPWP  -20  TO  20,  DELTA  -  2 

DQFLO ! 

EXP 

8.86, 

8.16,  7.55,  7.01, 

6.56 

EXP 

6.18. 

5.88,  5.67,  5.53, 

5.48 

EXP 

5.50, 

5.60,  5.79,  5.05, 

6.40 

EXP 

6.82. 

7.32,  7.91,  • . 57 , 

9.32 

EXP 

10.14 

{  HIGH  ANGLE  HAP  ALfNP  -100  TO  100,  DELTA  - 

20 

dqfbi : 

EXP 

102.30, 

66.94,  39.58,  20.22, 

a. 86 

EXP 

5.50, 

10.14,  22.71,  41.42, 

72.06 

108.70 

{••FUSELAGE  FITCH  HOH  (TAIL-OFF)  VS 

ALFWF  •• 

HQPHP : ; 

UVRUVRM 

1  NAP  LOOK  UF  ROUTINE 

ALPWPM 

{ INFUT  VARIABLE 

RQEM 

{DUTFUT  VARIABLE 

hqflo 

{LOW  ANGLE  RAF  KANE 

EXP  - 

20.0,20.0 

,2.0 

{LONER  LIH, UFFER  LIN, DELTA 

RQrHI 

{HIGH  ANGLE  RAF  NAHE 

f.XP  -100.0,100. 

0,20.0 

{LONER  LIH, UFFER  LIH, DELTA 

I  LON  ANGLE  HAP  ALPHA  FKOH  -20  TO  20,  DELTA 

-  2  DEG 

HOTLO: 

EXP 

-93.25, 

-90.63,  -17.18,  -82.92, 

-77.86 

EXP 

-72.05, 

-65.56,  -51.50,  -51.00, 

-43.18 

EXP 

-35.21. 

-27.23,  -19.42,  -11.91, 

-4.85 

EXP 

1 .43, 

7.45,  12.51,  16.77, 

20.21 

»XP 

22.84 

;  HI CB  ANGLE  HAP  ALPHA  PROH  -100  TO  100,  DELTA  -  20  DEG 

HQFHI : 

EXP 

0.00, 

-48.00,  -96.00,  -100.00, 

-93.25 

EXP 

-35.21, 

22.14,  30.00,  26.00, 

10.00 

EXP 

-9.00 

(••FUSELAGE  DELTA  LIFT  ITAIL-OFF)  VS 

FS INF  RAP*' 

DLQDIP : 

:  B  I VM 

>NAF  LOOK  UF  ROUTINE 

PIINFM 

(INFUT  VARIABLE  41 

ALEUT  M 

(INFUT  VARIABLE  42 

dlopm 

lOUTFUT  VARIABLE 

DLOPLO 

I  LOW  ANGLE  NAF  HARE 

EXP-100 

.0,100.0, 

10.0, *D21 {LOWER  lih.uppe*  lih, delta,  iiters 

EXP  -10 

.0,10.0,20.0 

(LONER  LIH.'JPFER  LIH, DELTA  -  ALTWF 

j  Pi INF  - 

100  TO  100  DXG  FOR  ALFWF  -10.10  DKG 
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TAEL* 

P-1.  AH -IS 

SPSCI71C  FIUS  (Cont'd) 

jALrvr  - 

-10  DEG 

DLQFLO ]  EXP 

12.30, 

11.07. 

9.84,  t. 61, 

7.38 

EXP 

6.15, 

4.92, 

3.69,  l.H. 

1.23 

EXP 

0.00, 

1.23, 

2.46.  3.69, 

4.92 

EXP 

6.15, 

7.36, 

8.61,  9.84, 

11.07 

EXP 

12.30 

;ALrvr  • 

10  DEG 

EXP 

-10.35, 

-9.32, 

-8. .8,  -7.25, 

-6.21 

rxp 

-5.18, 

-4.14, 

-3.11,  -2.07, 

-1.31 

EXP 

0.00, 

-1. 31. 

-2.07,  -3.11, 

-4 .  *  4 

EXP 

-5.18, 

-6.21, 

-7.25,  -8.28, 

-9.32 

EXP 

-10.35 

! • •  fUSELAGE 

DELTA  DRAG  VS  PSIWP 

RAP  •* 

DDCERP:  :  B I VB I V M 

RAP  LOOK  OP 

ROUTINE 

psiwrii 

INPUT  VARIABLE  *1 

Airwrii 

INPUT  VARIABLE  12 

DDQEJI 

OUTPUT  VARIABLE 

DDQTLO 

LOW  ANGLE  RAP  MAKE 

EXP  -20.0,20.0, 

2.0, "D21 

LOWER  LIK, UPPER  L I K , C ELTA , *  I TEKS 

EXP  -10.0.10.0, 

10.0 

LOWER  LIR. UPPER  LIR. DELTA  -  ALEV E 

DD2EHI 

HIGH  ANGLE 

RAP  NA.RE 

EXP-100. 0,100.0, 20. 0,*D1] 

; LOWER  LIR, UPPER  LIR , DELTA .» ITERS 

Exr  -10.0,10.0,10.0 

LOWER  LIR, UPPER  LIR, DELTA  -  ALE- E 

jLOH  ANGLE  RAP  PSIWP 

EROR  -20  TO  20  DEG, 

DEL7A  -  2 

;ALEWE- 

-10  DEG 

DDCELO:  EXP 

9.61, 

7.84, 

6.24,  4.61, 

3.55 

EXP 

2.47, 

1.59, 

0.89,  0.40, 

0.10 

EXP 

0.00, 

0.10, 

0.40,  0.69, 

1.59 

EXP 

2.47, 

3.55, 

4.61,  6.24, 

7.84 

EXP 

9.61 

j.v.rwr-  o  deg 

EXP 

11.52, 

9.40, 

7.48,  '  5.77, 

4.26 

EXP 

2.97, 

1.91, 

1.06,  0.48, 

0.12 

EXP 

0.00, 

0.12. 

0.48,  1.08, 

1.91 

EXP 

2.97, 

4.26. 

5.77,  7.48, 

9.40 

EXP 

11.52 

jALrwr- 

L0  DEG 

EXP 

13.44, 

10.97, 

8.7J,  6.72, 

4.97 

EXP 

3.46  , 

2.23. 

1.26,  0.56, 

0.14 

EXP 

0.00, 

0.14, 

0.56,  1.26, 

2.23 

EXP 

3.4C 

4.97, 

6.72.  6.73, 

10.97 

EXP 

13.44 

jHICH  ANGLE  RAP  PS  I  WE  -100  TO  100  DEG,  DELTA  -  20 

lALrwr- 

16  DEG 

DDCEHI:  EXP 

79.68, 

79.86, 

61.61,  33.94, 

9.61 

EXP 

0.00, 

9.61, 

33.94,  61.61, 

79  68 

EX? 

79.68 

I ALEV/-  0  DEC 

EXP 

95  52  , 

95.52. 

71.66.  40.69, 

11.52 

EXP 

C.0G. 

11.52. 

40  69,  73.86, 

95.52 

EXP 

95.52 

r ALEVE-  10  DEG 

EXP 

111.36, 

111.36, 

■6.11,  47.44, 

13.44 

EXP 

0.00, 

13.44, 

47.44,  86.11, 

111 . 36 

EX? 

111 . 36 

**  EUl t_AGE 

kiDxrcuCE  vs  pnwr  rap 

TOPNP:  :  UVMt 

RAP  LOOK  UP 

ROUTINE 
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TAELS  F-l.  Afl-lS  SPECIFIC  FILS  (Conc'd) 


HP 


psiwr** 

tori* 


; INPUT  VARIABLE 
/ OUTPUT  VARIABLE 


YQPLO 

1  LOW  ANGLE  HAP  WARE 

EXP  -100.0,100. 

o 

M 

O 

o 

; LOWER  LIR, UPPER  LIH, 

DELTA 

j  LOW  ANGLE  HAP  PSIWF  -100  TO 

100  DEG, 

DELTA  •  10 

YfPLO :  EXP 

-12.00, 

0.00,  -30.00, 

-65  00, 

-105.00 

EXP 

-140.00, 

-175.00,  -115.00, 

-65.00, 

-28.00 

EXP 

0.00, 

28.00,  65.00, 

115.00, 

175.00 

EXP 

140.00, 

105.00,  65.00, 

30.00, 

0.00 

T.XP 

12.00 

{•*  FUSELAGE  ROLLING 

HORENT  VS 

PSIWP  HAP 

RQPRPr:  UVRM 

! RAP  LOOK  UP  ROUTINE 

psiwr«« 

» INPUT  VARIABLE 

RQFM 

j OUTPUT  VARIABLE 

RQPLO 

(LOW  ANGLE  HAP  HARE 

EXP  -100.0,100. 

0,10.0 

(LOWER  LIR, UPPER  LIR, 

DELTA 

(LOW  ANGLE 

RAP  PSIWP 

-100  TO  100 

DEG,  DELTA  •  10  DEG 

RQFLO:  EXP 

-4.00, 

0.00, 

4. CO, 

7.00, 

10.00 

EXP 

10.60, 

11.30, 

9.40, 

7.40, 

4.00 

t-XP 

0.00, 

-4.00, 

-7.40, 

-9.40, 

-11.30 

EXP 

-10.60, 

-10.00, 

-7.00, 

-4.00, 

0.00 

EXP  4.00 


NOTH?::  UVRUVR*# 
PSIWfi# 

NCMt 

nqflo 

EXP  -20.0,20.0,2.0 
NQPHI 

EXP-100.0,100.0,20.0 


rUSELAGE  YAWING  HO  RENT  VS  PSIwr  •• 
jHAP  LOOK  UP  ROUTINE 
.•INPUT  VARIABLE 
} OUTPUT  VARIABLE 
j  LOW  ANGLE  HAP  NARE 
; LOWER  LIR, UPPER  LIR, DELTA 
; H I G H  ANGLE  RAP  NARE 
I  LOWER  LIR, UPPER  LIR, DELTA 


l LOW  ANGLE  HAP  PSIWr  -20  TO  20,  DELTA  -  2  DEG 


NQFLO: 

EXP 

-226  .62  , 

-222.22  , 

-213.36, 

-199.97, 

-182.06 

EXP 

-159.87, 

-133.80, 

-104.40, 

-72.35, 

-38.43 

EXP 

-3.50, 

31.55, 

65. 81. 

98.44, 

126.62 

EXP 

155.66 , 
229.48 

179.01  , 

198.23, 

213.08, 

223.46 

(HIGH  ANGLE 

hap  psiwr 

-100  TO  100, 

DELTA  - 

20  DEG 

NQFHI : 

EXP 

155.66, 

-159.68, 

-196.92, 

-237.00, 

-226.62 

EXP 

-3  SO, 

229.48. 

240.00, 

207.81, 

155.67 

-1S9.87 

I . ROTOR  INTERFERENCE  ON  THE  fUSLEAGE  (RAPA) 


Exwrnp  :  :  IT/RI I 

CHIPHRi* 
ERXWri * 

EXWFLO 

EXP  -20.0,100.0,10.0 


ROTOR  X-rACTOA  ON  FUSELAGE  HAP  •• 
;  RAP  ARGUHENT: LOOK  UP  ROUTINE 
; INPUT  VAR  I AB  IE 
; OUTPUT  VARIABLE 
;  LOW  ANGL  RAP  NARE 
;  LOWER  LIR , UPPER  LIR, DELTA 


EXWrLO:  EXP 
EXP 
EXP 


-0  .IS, 
0.46, 
0.20  , 


-C  "14  , 

C  5  0, 

-0.60, 


o.oe, 

0.74, 

-0.55 


0.20,  0  33 

0.B9,  1.00 


EZWrHP:  :UVRH 

CHI PRR# I 

EXZWFM 

EZwrLO 

EXP  -20.0.100.0,10.0 


ROTOR  Z-TACTOR  ON  TUSELAGE  RAP  •• 
I  HAP  LOOK  UP  ROUTINE 
; INPUT  VARIABLE 
.OUTPUT  VAR’ ABLE 
I  LOW  ANGLE  RAP  HARE 
I  LOWER  LIR,  UPPER  LIR. DELTA 
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TAKL£  F-l. 

AH -IS  SPECIFIC  FILE  (Cont'd) 

EZMPLO:  EXP 

1.20, 

1.21.  1.22,  1,23. 

1.24 

EXP 

1.25, 

1,26.  1.27,  1.28, 

1.29 

EXP 

1.15, 

1.00,  1.05 

INPUT  PARAMETERS  POR  PANEL  II  (RT  HORIZONTAL) 
S-15,14  r T«*2,  AR-  ,  e-.S8 


PSP1 : 

397.5 

;  PUSELAGE  STATION, INCH 

WLPl : 

55.66 

;  WATERLINE  STATION , INCH 

BLP 1 ; 

0.0 

J  BUTTLINE  STATION,  INCH  {.flVE  TO 

FORT) 

SAP  1  : 

15.14 

1  SURFACE  AREA , PT*  • 2 

GANP1 

:  0,0 

J  PANEL  ORIENTATION, DEG 

I0P1 : 

6.97 

j  PANEL  INCIDENCE , DEG 

CPI; ; 

1.0 

1  PANEL  NEAN  AERO  CHORD, PT 

HORIZONTAL  STABILIZER  LIFT  VS  ALPPPl 

** 

CLPlNP: /UV3UVRH 

; NAP  LOOR  UP  ROUTINE 

ALPPP1I! 

/INPUT  VARIABLE 

CLP1II 

•OUTPUT  VARIABLE 

CLP1LO 

/LOW  ANGLE  NAP  NAME 

EXP 

o 

M 

O 

o 

r~t 

O 

o 

"1 

; LOWER  LIN, UPPER  LIN, DELTA 

CLP1U1 

/HIGH  ANGLE  NAP  NA"'. 

EXP  -90.0,90.0,30.0 

; LOWER  LIN, UPPER  L.N, DELTA 

: LOW  ANGLE  NAP  ALPPPl  -32  TO  32, 

DELTA  -  2 

DEC 

CLP1LO : 

EXP 

-0.878, 

-0.920,  -0.970, 

-1.020, 

-1.078 

EXP 

-1.135, 

-1.133,  -1.0-35, 

-1.020, 

-0.915 

EXP 

-0.600  , 

-0.635,  -0.573 

-C. 460, 

-0.363 

EXP 

-0.265, 

-0.208,  -0.150, 

-0.105, 

-0.060 

EXP 

-0.015, 

0.030,  0.075, 

0.120, 

0.165 

EXP 

0.210, 

0.25C,  0.290, 

0.320. 

0.345 

EXP 

0.350 

1 BIGN  ANGLE 

NAP  ALPPPl  -90  TO  90, 

DELTA  - 

30  DEG 

CLP  1 H I  : 

EXP 

0.000, 

-0.440,  -0.878/ 

-0.265, 

-0.350 

EXP 

0.160  , 

0.000 

HORIZONT 

AL  STABILIZER  DRAG  VS 

ALPPPl  •• 

CDP1NP : 

••UVRUVRH 

;  MAP 

LOO  UP  ROUTINE 

ALEPP) II 

/INPUT  VARIABLE 

CCP1II 

/OUTPUT  VARIABLE 

CDP1L0 

1  LOW 

ANGLE  NAP  NAME 

EXP  -30.0,30.0,2.0  ;LOVTR  LIN. UPPER  LIN, DELTA 

CDP1HI  ;  RICH  ANGLE  NAP  NAN E 

EXP  -90.0,90.0,30.0  /LOWER  LIN, UPPER  LIN, DELTA 


/LOW  ANGLE 

NAP  ALPPPl 

-30  TO  30, 

DELTA  -  2 

DEG 

CDPlLO: 

EXP 

0.603. 

0.545, 

0.493, 

0.440, 

0.389 

EXP 

0.338, 

0.289, 

0.245, 

0.202, 

0.170 

EXP 

0.147, 

0.124, 

0.113, 

0.102, 

0.094 

EXP 

0.085, 

C  .08  1  . 

0.077, 

0.077, 

0.077 

EXP 

0.0E4, 

0 .r90  , 

0.107, 

0.123  , 

0.149 

EXP 

0.175, 

0.212, 

0.248, 

0.293, 

0.342 

EXP 

0.402 

/HIGH  ANGLE 

NAP  ALPPPl 

-90  TO  90, 

DELTA  - 

30  DEG 

CDPlHI  ; 

Exr 

1.200, 

0  900, 

0.403, 

0.035, 

0.402 

EXP 

*  0.810, 

1.200 

/ .  INPUT  PARAMETER  POR  ROTOR  INTERPERENCE  ON  THE  HORIZ.TAJL  II 

; .  {  NR  PA  1 

ROTOR  X-PAOTOR  ON  HOR I ICNTAL  TAIL  •• 
EXP1HP :  :>!*/!!  r"AP  LOOR  UP  ROUTINE 

EXP  CIIPNRM  .AAIPHRII  /  INPUT  VARU.IH'UT  VAR  I  2 
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TABLE  P-1.  AH -IS  SPECIFIC  FILE  (Coat'd) 


Krxmi 


I OUTPUT  VARIABLE 


EXP1LO 

; NAP  NANE 

EXP  0.0,93.0, 

10.0, *D10 

j  LOWER  LIN 

.UPPER  LIN 

.DELTA 

EXP  -10.0,30, 

0,10.0 

; LOWER  LIN 

.UPPER  LIN 

,  DELTA 

jCHIPNR  0 

TO  90  DEC 

POR  AA1PHR 

-10,0,10  DEG 

JAA1PNR  - 

-10  DEC 

E7.P1L0:  EXP 

0.05, 

0.19, 

0.34, 

0.50, 

0.67 

9 

EXP 

0.86, 

1.06, 

1.29, 

1.55, 

1. 85 

jAAIPHR  •< 

0  DEC 

» 

EXP 

-0.30, 

-0.18, 

-0.03, 

0.13, 

0.30 

EXP 

0.48, 

0.69, 

0.92, 

1.18, 

1.45 

jAAIPHR  • 

10  DEC 

EXP 

-0.66, 

-0.55, 

-0.42, 

-0.28, 

-0.12 

, 

EXP 

0.05, 

0.24, 

0.47, 

0.72, 

1.00 

j»*  ROTOR  t-PACTOR  ON  HORIZONTAL  TAIL  HAP  •* 
EZP1HP : : BIVI I  i NAP  LOOK  UP  ROUTINE 

C8IPMR##  j  INPUT  VARIABLE  #1 

AAITHR##  J INPUT  VARIABLE  *2 

EKZP1##  jOUTPUT  VARIABLE 

EZP1LO  (LOW  ANCLE  NAP  NANE 

EXP  0.0,90.0,10.0, *D10  j LONER  LIN, UPPER  LIN, DELTA, * ITENS 
EXP  -10.0,10.0,10.0  j LOWER  LIN, UPPER  LIN, DELTA  AA1PNR 

jCHIPNR  0  TO  90  DEG  POE  AA1PNR  -10,0,10  DEC 


EZP1LO :  EXP 

jAAIFMR  - 
1.58, 

-10  DEG 

1.59, 

1.60, 

1.61, 

1.62 

EXP 

1.63, 

1.63, 

1.63, 

1.62, 

1.62 

EXP 

JAAIFNR  - 

1.51, 

0  DEC 

1.56, 

1.61, 

1.66, 

1.71 

EXP 

1.76, 

1.81, 

1.87,  . 

1.94, 

1.98 

EXP 

jAAIPHR  - 

1.32, 

10  DEC 

1.41, 

1.51, 

1.60, 

1.70 

EXP 

1.80, 

1.90, 

2.01, 

2.13, 

2.26 

)• .  rUSELACE  INTERPERNCE  ON  TBE  HORIZ.TAIL  (NPPA) 


J«*  HORIZONTAL  TAIL  DYNAMIC  PRESSURE  RATIO  RAF** 
QPlHP::  CONST##  j  NAP  LOOP.  UP  ROUTINE 

(1.0) 

QP1CNPM  jOUTPUT  VARIABLE 


j .  INPUT  PARAMETERS  POR  PANEL  #3  (VERTICAL  TAIL)  . . 

1 .  1*11.17  PT**2,  AR-1.62,  *-.99  . . 

PS-3::  SOI. 113  J  rUSELACE  STATION,  INCHES 

MLP 3 :  :  97.18  J  WATERLINE  STATION,  INCHES 

HLP3 :  :  0.0  ;  BUTTLI NE  STATION, INCH  (*IVE  TO  PORT) 

SAP  3  :  :  18.87  j  SURTACE  AREA , FT* • 2 

CAMP  3  :  :  -90.0  j  PANEL  OR  I ENTATI ON , DEC 

1 0 P 3  S  J  4 . 5  I  PANEL  INCIDENCE, DEC 

CP  3 : t  1.0  I  PANEL  MEAN  AERO  CHORD, PT 


CLP3NP i jUVRUVR## 
ALFPP3I# 

CLP  3# ( 

CLP3LO 

EXP  -30.0,70.0,2.0 
CLP3HI 

EXP  -90.0,90.0,30.0 


VERTICAL  STABILIZER  LI PT  VS  ALPPP  3  NAP  •• 
I  RAP  LOOK  UP  ROUTINE 
j INPUT  VARIABLE 
jOUTPUT  VARIABLE 
j  LOW  ANCLE  NAP  NANE 
j  LOWER  LIN.UPPrR  LIN, DELTA 
jHICB  ANCLE  NAP  KANE 
jLCMER  LIN, UPPER  LIN, DELTA 
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TABLE  M.  AH- IS  SPECIFIC  FILE  (Cont'4) 


) LOW  ANGLE 

HAP  ALFPP3  - 

30  TO  30, 

DELTA  -  2 

DEG 

C..P3LO: 

EXP 

-0.7S0, 

-0 .775, 

-0.790, 

-0.809, 

-0.790 

EXP 

-0.77S, 

-0.73S, 

-0.690, 

-0.620, 

-0.S2S 

EXP 

-O.ISO, 

-0.3SS, 

-0.260, 

-0.17S, 

-0.08S 

EXP 

0.000, 

0.085, 

0.175, 

0.260, 

0.3SS 

EXP 

o.«so, 

0.S2S, 

0.620, 

0.690, 

0.73S 

EXP 

0.77S, 

0.790, 

0.800, 

0.790, 

0.77$ 

EXP 

0.7S0 

; HIGH  ANGLE 

NAP  ALFPP3 

-90  TO  90 

,  DELTA  - 

30  DEC 

CLP3BI : 

EXP 

0.000, 

-0.380, 

-0.7SU, 

0.000, 

0.7S0 

EXP 

0.380, 

0.000 

VERTICAL  STABILIZER  DRAG  VS  ALFPP3  •• 
CDP3HP: tUVRUVRf |  jNAP  LOOK  UP  ROUTINE 

ALFPP3M  jINPUT  VARIABLE 

CDP3II  ; OUTPUT  VARIABLE 

CDP3LO  J LON  ANCLE  NAP  WANE 

EXP  -30.0,30.0,2,0  , -LONER  LIN, UPPER  LIN, DELTA 

CDP3HI  jHICH  ANCLE  NAP  NAME 

EXP  -90.0,90.0,30.0  ; LONER  LIN, UPPER  LIN, DELTA 

; LON  ANCLE  NAP  ALPPP3  -30  TO  30, 

DELTA  •  2 

DEG 

CDP3LO:  EXP  0.360,  0.303,  0.26S, 

0.22S, 

0.190 

EXP  0.160,  0.13S,  0.108, 

0.090, 

0.067 

*XP  0.0S1,  0.036,  0.026, 

0.017, 

0.013 

EXP  0.012,  0.013,  0.017, 

0.026, 

0.036 

EXP  0.0S1,  0.067,  0.090, 

0.108, 

0.13$ 

EXP  0.160,  0.190,  0.22S, 

EXP  0.360 

0.26S, 

0.303 

I  LON  ANCLE  NAP  ALPPF3  -90  TC  90, 

DELTA  -  30 

DEG 

CDP3HI:  EXP  1.200,  0.7BS,  0.360, 

EXP  0.78S,  1.200 

0.012, 

0.360 

I .  ROTOR  INTERFERENCE  ON  THE  VERTICAL  TAIL  II  (NRFA) 


ROTOR 

X-PACTOR  ON 

VERTICAL  TAIL 

NAP  •• 

EXP3HP;  : i  1VM 

; NAP  ARCUNENT : LOOR  UP 

ROUTINE 

EXP  CHIPNRII , AA1 PNRII 

) INPUT  VARIABLE  11,  INPUT  VARIABLE 

12 

ERXP3II 

.-OUTPUT  VARIABLE 

EXP  3 

; LOW  ANGLE 

NAP  NAHE 

EXP  0.0,90.0,10.0. ‘D10 

I  LONER  LiH 

, UPPER  LIN, 

DELTA, IITENS 

EX*  -10.0,10.0,10.0 

, -LONER  LIN 

.UPPER  LIN 

DELTA  -  AAIPNR 

tCHIPNR  0 

TO  *0  FOR 

AAIPNR  -10, 

0,10  DEC 

(AAIPNR  - 

-10  DEC 

EXP 3 :  EXP  -0.39, 

-o.so, 

-0.S2, 

0.S4, 

0.76 

EXP  0.99, 

)  -23, 

1.S0, 

0 . 7  S , 

0.00 

jAAIPHR  - 

0  DEC 

EXP  -0.47, 

-0. s$. 

-0.64, 

-0.73, 

-0.80 

EXP  -C.I4, 

0  93  , 

1.20, 

1.S2, 

0  00 

iAAlPNR  - 

10  DEC 

EXP  -0.49, 

-0  .$4, 

-0 . $9, 

-0.64, 

-0.68 

EXP  -0.70, 

-0.70, 

-0.6S, 

-0  .  $2  » 

0.00 

I  • •  RCTuR 

I -FACTOR  ON 

vertical  ta:l 

NAP  •• 

EZPl.MP:  rBIVII 

;  NAP  A'.GUNEN?  .  LOOK  UP 

ROUTINE 

EXf  CHIPNRII, AA1PNRII 

jINPUT  VAP 

ZABLE  11,  I 

NPLT  VARIABLE 

12 

t IIP  3  M  ; OUTPUT  VARIABLE 

EZP3LO  (LON  ANCLE  NAP  KANE 

EXP  0.0, *0.0,10.0, 'O10  | LOWER  LIN, UPPER  L IK, DELTA, 1 1 TEN* 
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TAIL*  r-1.  AH -IS  SPECIFIC  Fill  (Coat'd) 


-10.0,10.0,10.0 


[LOWER  LIH, UPPER  UR, DELTA  AA1FMR 


EXP 

[CHIPHR  0 
[AAlPHR  - 
-0.13, 

TO  90  DEG 
-10  DEG 
-0.03, 

FOR  AAIFRR  -10 

0.13, 

,0,10  DEG 

1.87, 

1.89 

EXP 

1.89, 

1.69, 

1.87, 

1.96, 

2.00 

EXP 

[AA1FNR  - 
-0.10, 

0  DEG 
-0.01, 

0.12, 

0.29, 

0.53 

• 

EXP 

0.83, 

2.20, 

2.22, 

2.24, 

2.00 

1 

EXP 

[AA1FNR  - 
0.00, 

10  DEG 
0.07, 

0.18, 

0.31, 

0.48 

EXP 

0.89, 

0.95, 

1.27, 

1.65, 

2.00 

• 

rUSELAGE 

INTERFERENCE  ON  THE 

VERTICAL  TAIL 

•A  (WFPA)  < 

A 

QP3HP::  CONST*# 
EXP  11.01 

OPJOWfl* 


EPP3HP  :  .-CONS'  4* 
EPSP1II 
EPSP3M 


>•*  VERTICAL  TAIL  DYNAMIC  PRESSURE  RATIO  RAP  •• 
[RAP  LOOK  UP  ROUTINE 
[  INPUT  VARIABLE 
J OUTPUT  VARIABLE 

[••  BODY  DOWNWASH  ON  VERTICAL  TAIL  RAP  •• 

(RAP  LOOK  UP  ROUTINE 
; INPUT  VARIABLE 
[OUTPUT  VARIABLE 


SGP3HP  s i CONST* I 
SIGP1I* 
SIGP39* 


j •• HDDY  SIDEWASH  DN  VERTICAL  TAIL  RAP  •• 
(RAP  LOOK  UP  ROUTINE 
(INPUT  VARIABLE 
(OUTPUT  VARIABLE 


INPUT  PARAMETERS  TOR  PANEL  *1  ( IA) 


FSP  4 : 

189.73 

WLP  4 : 

6S.28 

BLP4 : 

0.0 

SAP  4: 

28.15 

GAMP  4 

:  0.0 

I0P4: 

17.0 

CP#  :  : 

2  .7 

CLP4HP: :UVRUVR9 | 

ALFPP4  9  * 


9.73  (  PUSELAGE  STATION, INCR 

.28  (  WATERLINE  STATION, INCH 

0  [  HUTTLINE  STATION, INCH  {*IVE  TO  PORT) 

.IS  I  SURFACE  AREA  OP  PANEL  IP  NO?  INCLUDE  IN  MAP 

0  (  PANEL  ORIENTATION,  DEG 

.0  )  PANEL  INCIDENCE, DEG 

7  {  PANEL  REAN  AERO  CRDRD , PT 

(  ••  AM-1 S  WING  LIFT  COEFFICIENT  VS  ALFPPI 

;  ••  5-30.9$  FT«*2, ASPECT  RATIO-4 . 4 , M 23  ROOT, #420  TIP  AIRFDIL 
RLTVR9 1  [MAP  LOCK  UP  ROUTINE 

FPP49*  (INPUT  VARIABLE 

CLP499  [OUTPUT  VARIABLE 

CLP9LO  [LOW  ANGLE  NAP  NAME 

-20  0,20.0,2.0  [LOWER  LIN, UPPER  LIH, DELTA 

CLP4HI  [RICH  ANGLE  MAP  MANE 

-90.0,90.0,10.0  [LOWER  LIH, UPPER  LIR, DELTA 


CLP4LD:  EXP 
EXP 
EXP 
EXP 
EXP 


[  LOW  ANGLE  HAP  ALFPP4  -20  TO  20.  DELTA  -  2  DEG 


-1.10, 
-1.00. 
-0 .15, 
0.75, 
0.92 


-1.16. 

-0.B5, 

0.05, 

0.90, 


1.1*, 

0.70, 

0.25, 

1.00, 


-1 .20, 
-0.55, 
0.45, 
0.98, 


[  1IGR  ANGLE  HAP  ALFPP*  -90  TO  90  .DELTA  -  10  DEG 


CLPtR!  :  EXP 
EXP 
EXP 
EXP 


o.oo, 

-0.79, 

0.75, 

0.39, 


-0.16, 

•0.94, 

0.92, 

0.26, 


-0.31, 

-1.10, 

0.79, 

0.13, 


-0.47, 

-1.00, 

0.6C, 

0.00 


-0.63 

0.15 

0.53 


•  •  U-ll  WIUC  DRAG  VS  ALFPP* 
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TABLE  P-1  AH -IS  SPECIFIC  FILE  (Cant'd) 


CDP4HP: 

/UVRUVRM 

;KAP  LOOR 

UP  ROUTINE 

ALRPP4M 

jINRUT  VARIABLE 

CPF4M 

/OUTPUT  VARIABLE 

COP4LO 

/LOW  ANGLE 

RAP  NAP.  E 

EXP 

-20  . 0.20.0, 2  .  C 

; LOWER  LIR 

.UPTER  LIR, DELTA 

COP  4 HI 

;HICH  angl 

E  RAP  NAME 

EXP 

-90.0,90.0.10.0 

/LOWER  LIR 

.UPPER  LIR. DELTA 

/  LOW  ANCLE 

RAP  ALPPP4  -20  TO  20,  DELTA  -  2  DEG 

CDP4LO: 

EXP  0.164, 

0.134, 

0.105,  0.075, 

0.n*~ 

EXP  0.016, 

0.013, 

0.011,  0.010, 

r.-./ 

EXP  0.008, 

0.008, 

0.009,  0.010, 

r.  Jll 

EXP  0.012, 

0.015, 

0.019,  0.050, 

0.081 

EXP  0.112 

;  HIGH  ANGLE 

RAP  ALPFP4  - 

90  TO  90,  DELTA  -  10  DFC 

CDP4HI : 

EXP  1.200, 

1.052, 

C.904,  0.756 

0.608 

EXP  0.460, 

0  .  3 1 2  , 

0.164,  0.0)o, 

0.008 

EXP  0.012, 

0.112, 

0.268,  0  .  '  2  3  , 

o. 6 

EXP  0.734, 

o.ae9. 

1.045,  3.200 

» 

INPUT  PARARETERS 

POR  ROTOR  INTEPTERENCE  ON  '.TNG  (HPPA)  * 

•  *  •  • 

/  ••  Ail-lS  f ORE/ATT  R.R. 

DOWNVASH  AT  WING 

EXP4MP 

:  /  CONST 4 1 

; RAP  LOOK  UP  ROUTINE 

ekxwph 

; INPUT  VARIABLE 

EKXP4 1 4 

/OUTPUT  VAP.I ABLE 

)  •* 

AH- IS  VERTICAL  R.R.  DOWNVASH  AT  MING 

EIP4HP 

:  -.CCNSTI 1 

; RAR  LOOK  UP  ItCUTINE 

EKIwri* 

/INPUT  VARIABLE 

ERIP4 1 1 

/OUTPUT  VARIABLE 

•  ••••  • 

•  FUSELAGE 

INTERFERENCE  ON  MING  (HPPA)  . 

•  *  • 

t 

AH-1S  DYNAMIC  PRESSURE  PaTIO  AT  MING  VS  ALPWr 

CR4MP : 

rCONSTM 

il.0) 

/RAP  LOOK  UP  ROUTINE 

CP40wrM 

) OUTPUT  VARIABLE 

I***** 

•  INPUT  PARRATERS  POP  TAIL  ROTOR  ( • A )  -  (BAILEY)  . 

RTR  •  : 

4.25 

/RADIUS . PT 

OREGTP 

:  :  1  7  5 . 6  4 

; TR I R  ROTATIONAL  RATE. RAD/SEC 

BTR:  : 

2.0 

i ACTUAL  NUHBLR  CT  BLADES 

RSTR : : 

520.67 

/FUSELAGE  STATION.  IN 

ML7R:  : 

118.27 

/MATER L I N {  STATION. IN 

BLTP : : 

14.10 

/BUTTLINE  STATION. IN  l»IVE  TO  RORT ) 

TWSTTR 

:  :  0 . 0 

/BLADE  TWIST, DATUM  CENTER  OP  ROTATION. DEG 

BIASTR 

:  :  C  .  0 

;  B LADE  RITCH  CORPECTION  TOR  N . L . TWI ST ! NEG  REDUCES 

GAJ17R: 

o 

o 

06 

l 

/TAIL  ROTOR  CANT  ANCLE, DEG 

DE  L3TR 

:  0 . 0 

;  r LA R R 1 N G  HINGE  OETSET  ANGLE, DEG 

DEL7TR 

:  0  .  C 

/RATE  OP  CHANGE  Cr  CONE  ANGLE  WITH  THRUST, DEGaB 

CPRDTR 

r  .  7  0 

/BLADE  CHORD. TT 

ATR  :  : 

6.13 

,-BLADE  LITT  CURVE  SLORC  ,  1  /RAD 

RTL  'R : 

:  975 

: B LADE  TIP  LOSS  FACTOR  (C31  USES  EQN  TOP  C) 

CDTR :  : 

2.0 

/TAIL  ROTOR  HEAD  DRAG , TT* • 2 

ROTOR  I NTERrERNCE  ON  TAIL  ROTOR  (RRPAI 


EXTR.-.R: 


:  CONST! I 

it  r.r  3 1 1 
EKXTRM 


?*•  ROTOR  X-r ACTOR  ON  TAIL  ROTOR  RAP  •• 
; AAR  LOOP  OR  ROUTINE 
;  INRUT  VARIABLE 
I  OUTPUT  VARIABLE 


ROTOR  I-RACTOR  OH  TAIL  ROTOR  RAP  •• 


W1 


TABLE  F-l .  AH -IS  SPECIFIC  FTL'J  (Cont'd) 


EZTRRP: :CPNST4J  jRAP  LOOK  OP  ROUTINE 

EKZP3M  }  INPUT  VARIABLE 

KKZTRII  lOUTPUT  VARIABLE 


FUSELAGE  INTERPERENCE  ON  THE  TAIL  ROTOR  (WFPAJ 


;•*  TAIL  ROTOR  OYNASIC  PRESSURE  RATIO  RAP  •• 
QTRAP : :  CONSTII  jRAP  LOOK  UP  ROUTINE 

QP3QW*  j INPUT  VARIABLE 

QTRQWPII  ; OUTPUT  VARIABLE 


EPTRRP; : CONST! I 
EPSP1M 
EPSTRII 


BODY  DOWNNASH  ON  TAIL  ROTOR  RAP  •• 
jRAP  LOOK  UP  ROUTINE 
I  INPUT  VARIABLE 
lOUTPUT  VARIABLE 


BOOT  SIOEWASB  ON  TAIL  ROTOR  RAP  ** 
SCTRMP:  CONSTII  jRAP  LOOK  UP  ROUTINE 

SIGP1 4 1  ; INPUT  VARIABLE 

SIGTRIt  ; OUTPUT  VARIABLE 


I . VERTICAL  TAIL  INTERPERENCE  ON  '.'AIL  T.OTOR  INPLOW 


VBVTTR: : 30. 0  ;  AIRSPEEO  BREAK  PT.  -  NO  BLOCKAGE  ABOVE, KT. 

RBVTTR  :  ; .  095  I  TAIL  ROTOR  T> LOCKAGE  COEP.  AT  BOVER 


;•**•••  INPUT  PARAMETERS  POR  EQUATIONS  OP  NOTION  (IB) 


PSCG: i 

200.6 

WLCG: : 

<6.0 

BLCC : : 

o.c 

WEIGHT- 

:  9000.0 

IX: 

2904.0 

IV: 

118  6  3.4 

II  : 

10233.  S 

IXZ 

-S6S.0 

IYZ 

0.0 

IXY 

0.0 

I  PUSELAGE  STATION, OP  C.G..INCI 

I  WATERLINE  STATION  OP  C.G..INCH 

I  BUTT LINE  STATION  OP  C.G..INCB  (+IVE  TO  PORT! 

I  A1RCKAPT  GROSS  WEIGHT, LBS. 

;  INERTIA  ABOUT  BOOT  X-AXI S , SLUG-PT* *  2 
I  INERTIA  ABOUT  BOOT  Y-AXIS , 5LUG-FT* • 2 
I  INERTIA  ABOUT  BOOY  Z-AXXS , SLUG-PT* • 2 
;  CROSS  COUPLING  INERTIA, 5LUG-PT»«2 


M2 


PITCH  ATTfTUDF  -  degrees 


FU3HT  TEST 
GenHel 


QW  ■  8120  oounds 
Hd  -  2200  feet 
FSCG-  153.9 


Figur*  F-2.  AH- IS  Fitch  Attltud*  CorrtUtion 
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— □ —  FLKjKT  test 
GenHel 


Figure  F-3.  AH- IS 


GW  -  8120  pounds 
Hd  -  2200  feet 
FSCG-  193.9 


h _ 

!SS 

■ 

G9 

1 

HI 

!0  ICO  120  140  160 


ED  -  knots 


Stick  Correlation 


FLIGHT  TEST 
GenHel 


GW  -  2770  pounds 
Hd  m  6100  feet 
FSCG-  111.9 


AIRSPEED  -  knots 


Figure  F-4.  AH -IS  Lateral  Stick  Correlation 
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COLLECTIVE  STICK  POSITION  -  inches 


- □ —  FLIGHT  TEST 


GenHe! 


GW-8120  pounds 
Hd-2200  feet 
FSCG-193.9 


Figure  F-i.  AU-1S  CoPectire  Stick  Correlation 
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FLIGHT  TEST 
GenHel 


GW  -  8120  po'^ds 
Hd  -  2200  feet 
FSCG- 193.9 


0  20  40  60  80  100  120  140  160 

AIRSPEED  -  knots 


Figure  F-6 .  AH- IS  Pedel  Correlation 
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POWER  REQUIRED 


flight  test 

GenHel 


GW  .8120  pounds 
Hd  -  2200  feet 
FSCG-  193.0 


Figure  -7.  All  IS  Powar  laqulrad  Correlation 


3A9 


•joe.  ao  -to.  so 


•  'to.  SO  -to.  80  -JO.  00  s'.ot 
8lF  MF 


JO  JO  *0.00  SO.  OS  M  OO 


Flgur*  F-9.  AH-1S  Pusalsgs  Dtsg  H»p 


I  So  SO 
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•100  00  -ho. 00  -00.00  -«0.00  -JO  00  0.00 

•  lF  m  f 


/boo  oh.  ot  00.  oo 


Figuro  F-iO.  AM- IS  F\i*«l*g»  Fitchlng  Itommnt  K*p 
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FI fur#  F-12.  AH- IS  Fu>« •  D*lt*  Hip 


3SA 


r 


4  •  •  .  -•  « 

- ;  * 

- - 

-  • 

• 

•  •  •  f  < 

, - -  -i - - - -  -  1 

.  ..  1 _ 

.  .  *  •  ♦ 

*  I 

t.  or  ih.a a. a  57a  57a  tb.a  5. a  ?k.oo  575  a.  a 

ChIPnA 


Figure  P-21.  AH- IS  tUln  lotor  Dovovaah  on  Horizontal  '  ublllitr 
(c-dlrocdon) 


Mgura  F-24.  AH- IS  IULd  Kotor  Dovnmth  on  V«rtlc*l 
StAbll^xar  lUp  (x-dlr»ctloo) 


3M 


b.M 


Ah 


tk.m  «k.M  ITo!  Ah 

CHIfM 


tTh  ab.H 


rifur*  F- 25.  AH- IS  lUln  lotor  Damnub  on  V*rtic*l 
ScabllLxor  JUp  (*-dlr#ctloo) 
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APPENDIX  C 


SA-365N  MODEL  DATA 


The  SA-365N-1  Dauphin  (Figure  C-l)  le  the  current  production  verelon  of  this 
French  civil  aircraft.  Approxlnatsiy  400  of  theae  have  baan  delivered.  The 
■oat  notable  fsature  of  tha  Dauphin  le  lte  uae  of  a  ducted  fan,  or  Feneetron, 
lnetead  of  a  tall  rotor.  In  the  Nl  version,  the  Feneetron  hae  an  Increased 
dlaaeter  of  1.1  aeter  (3  feet  7  Inches)  compared  to  the  original  value  of  0.9 
aster.  The  SA-365N  hae  a  maximum  takeoff  gross  weight  of  9,039  pounds,  a 
rotor  dlaaeter  of  39  feet  2  Inches  and  le  powered  by  two  Turbomeca  Ariel  1C 
turboshaft  engines  with  an  Intermediate  emergency  power  of  6B6  shp. 

The  main  rotor  is  a  four-blade  unit  using  a  hub  that  employe  Aerospatiale's 
starflsx  design.  Ths  three  conventional  hinges  for  each  blade  are  replaced  by 
a  slngls  balljolnt  of  rubbsr/steel  sandwich  construction.  Slades  uae  0A2 
esrlea  airfoils,  12  percent  thick  Inboard  capering  to  7  psrcsnt  at  the  tip. 
Blades  are  of  all-conposlte  construction  utilizing  fiberglass  and  graphite 
materials.  The  Fsnsstron  Is  mountsd  In  a  duct  or  shroud  at  the  base  of  the 
vertical  fin  end  hae  elevsn  blades.  A  fixed  horizontal  stabilizer  of  16 
squars  feet  Is  mounted  on  ths  tail  boom  just  forward  of  the  fin.  The 
stabilizer  Is  fitted  with  vertical  endplatee,  each  of  8.2  square  feet.  These 
endplates  are  canted  nose- left  to  generate  a  right  yawing  moment  to  oppose 
main  rotor  torque  at  high  speed.  (Note- the  rotor  rotatee  with  the  advancing 
blade  on  the  left  elde). 

The  5A-363N  elrfraae  is  of  mixed  construction,  primarily  of  aluminum  eee . 
monocoque  but  making  extensive  use  of  composites  In  the  nose  and  main  rotor 
pylon.  Retractable,  ctlcycls  landing  gear  le  fitted. 

Creation  of  a  CenHel  simulation  model  was  difficult  because  of  the  leek  of 
aerodynamic  data  for  the  fuselage  and  empennage  and  lack  of  Inertia  data. 
Attempts  to  work  out  a  non-dlscloeure  agreement  between  Aerospatiale  and 
Sikorsky  so  that  the  data  could  be  obtained  from  the  manufacture!  failed.  As 
a  consequence,  the  following  approach  to  calculating  these  data  was  taken: 

fuselage  aerodynamics  •  scaled  from  5-76 
tall  aerodynamics  -  conventional  data 
Inertias  •  Sikorsky  psrametrlcs 

fuselage  aerodynamic  Interference  on  the  tall  •  scaled  from  S-76A 
rotor  Interference  on  fuselege  and  tail  -  use  of  existing  Heyson  program 
main  rotor  elrfolle  -  use  SC1095  data 
feneetron  -  use  existing  Sikorsky  Far.  Tall  model 

The  scaling  method  for  the  fuselege  aerodynamics  le  discussed  in  detail  In 
Appendix  .K.  Geometry  and  weight  data  were  available  In  Reference  18. 
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Inertias  vara  estimated  using  Sikorsky  parametrlcs.  Data  collactad  over  the 
years  on  a  variety  of  single  rotor  helicopters  shov  that  Inertia  can  be 

estimated  as: 

I  -  (GW/K)  exp(x) 

Where  the  cosfficlents  are  defined  as: 


Parameter 

Ixx 

Roll 

lyy 

Pitch 

Izz 

Yaw 

Ixz 

K 

121.2 

21.85 

29.85 

237.7 

X 

1.823 

1.606 

1.674 

1.827 

For  a  grosz  weight  of  10,000  pounda,  the  pitch  (lyy)  Inertia  would  be 

1.606 

Lyy  -  10000  -  18,744  slug* ft* 

21.85 

The  equivalent  flapping  hinge  offset  of  the  main  rotor  was  set  at  3.8  percent 
and  SC1095  alrfolla  were  used. 

Trim  data  were  available  from  a  preliminary  copy  of  a  U.S.  Army  AEFA  report  on 
the  SA*365N.  CenHel  correlation  with  these  data  are  shown  In  Figures  C-2  to 
C*7.  The  flight  condition*  for  these  data  were: 

CV  —  7400  pounde 
FSCG  -  159.2 

Density  Altitude  -  12,660  feet 

Note  that  the  Dauphin  rotor  rotates  In  a  direction  opposite  to  aost  American 
aircraft.  The  CenHel  simulation  was  sat  up  with  conventional  rotation.  In 
praeentlng  the  correlation  data,  the  lateral  stick  and  pedal  positions  are 
shown  with  the  r  *glnal  flight  test  data  «nd  with  that  data  alrror  Imaged  to 
account  for  rotation.  Correlation  for  all  controla  and  for  main  rotor  power 
was  very  good,  but  the  teat  data  had  5  to  10  less  horsepower  required  for  the 
Fenestron  than  CenHel  calculated. 

All  of  the  numerical  data  used  to  model  the  5A-365N  are  provided  In  this 
appendix.  Table  C-l  Is  a  listing  of  all  the  Input  data.  Figures  C*8  through 
C*39  are  plots  of  the  map  data  for  fuselage,  vertical  tail  and  horizontal  tall 
aerodynamics  along  with  plots  of  the  rotor  interference  and  fuselage 
interference  data.  The  tabular  data  are  provided  with  appropriate  labels. 
Hap  data  are  Identified  with  CenHel  variables  provided  In  the  Llat  of  Symbols. 


For  tht>  SA-365N  model,  the  panel  ellocetion  wee  es  follows: 


1.  Right  horizontal  tell 

2.  Left  horizontal  tall 

3.  Vertical  tail 

4.  Fer.eatron  shroud 

5.  Right  vertical  endplate 

6.  Left  vertical  endplate 
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TABLE  C-l.  SA-365H  SPECIFIC  FILE 


INPUT  PARAMETERS  PD*  RAIN  KDTOR  MODULES  (IA.) 


i 


PSM* : :  300.0 

WLMR::  200.0 
BLN*::  0.0 

**R::  19.57 

OHGT**: : 36.65 
BN*::  4.0 

IS**::  -4.0 

ILN*::  0.0 
DELSNR :  :0.G 
OEL3**: : 0 . 0 
RAT INN: :0.0 
RAP2HN :  -.0.0 
CNDT**: :1 . 263 
CHD***:  -.1.263 
OrST**: :0.75 
SPRL**: : 2 .531 
WTBDNR:  :  123 .9 
IBN*::  322.46 
HB*R:  :  28. S0 

INNR: :  450.0 

BTLHN: :  .97 
DCDNR: :  .002 
NBSNR: :  4 
NSSNN : :  5 


FUSELAGE  STATION , INCHES 

NATENLINE  STATION, INCHES 

BUTTLINE  STATION,  INCN>,S  (+IVE  TO  TORT) 

RADIUS, PT. 

TRIN  ROTATIONAL  SPEED , RAD/SEC 
ACTUAL  NUNBER  OP  BLADES 

LONGITUDINAL  SHAFT  TI LT, ( POS . BACKWARDS >, OEG 
LATERAL  SHAFT  TILT, ( FDS . STARBOARD >, DEG 
SNA SNP LATE  PHASE  ANGLE, OEG 
FLAPPING  HINGE  OFFSET  ANGLE, DEG. 

LAGGING  BINGE  OFFSET  COEF . < FUNC(LG  )  ) 

LAGGING  HINGE  OFFSET  COEF. ( FUNC( LG*»2 ) ) 

BLADE  CHORD  AT  TIF , FT. 

BLADE  CHORD  AT  ROOT, FT. 

BINGE  OFFSET, FT. 

HINGE  TO  START  OF  BLADE, FT. 

WEIGNT  OF  ONE  BLADE, LBS. 

BLADE  NDNENT  OF  INERTIA  ABOUT  HINGE, SLUG-FT»«2 

BLADE  MASS  RORENT  ABOUT  NINGE . SLUG-FT* «2 

ROTDR  POLAR  RDNENT  OF  INERTIA  (LESS  BLADES ), SLUG-FT* *2 

BLADE  TIF  CUT  OFF  RATIO 

DELTA  DRAG  COEF.  FOR  EACN  SEGRENT 

NUMBER  DF  BLADES  SIMULATED, FIX  FDINT 

NUMBER  DF  SEGMENTS  SIMULATED , FI X  FDINT 


TMMRMP: :UVR*» 

XSEGHHM 

TMSTNRM 

TNNRLD 

EXF  0.18,0.98,0.10 


I  ••  MAIN  ROTOR  NON  LINEAR  IN  1ST  KAF  •• 
l  MAP  LOON  UP  NARE 
;  INPUT  VARIABLE  NAME 
I  OUTPUT  VARIABLE  NAME 
)  RAF  NAME 

l  LONER  LIMIT, UPPER  LIMIT, DELTA 


TVMRLO:  EXF 
EXF 


0.0,  0.0,  -1.017,  -2.034,  -3.050 

4.067,  -5.084,  -6.I0I,  -7. IBS 


RAIN  MOTOR  DOWNWASN  SUBNDDULE  (IA) 


RCTP.R : :  1.0 

NCNNN: :  0.0 

NSLNN: :  0.0 

TDN0NN: : .01038 
TDUCNN: :  0.0 
TDWSMH: :  0.0 


l  THNUST  GAIN  FDR  UNIFORM  DOWNWASN 
?  FITCH. RDM. GAIN  FDR  DOWNWASH  SIN . HARMONIC 
I  ROLL  RDM. GAIN  FOR  DOWNWASN  CDS . HAHHDHIC 
,-  TINE  CONST. FDR  UNIFONN  DOWNWASN  FILTER, SEC 
I  TINE  CONST. FOR  DOWNWASN  SIN. HANNDN. FILTER, SEC. 
;  TINE  .'ONST.  FOR  DOWNWASN  CDS -HAIlNON  .  FI  LTEN .  SEC . 


FLAFFING/LAGGING  DANFE*  (1C) 


RBHHH::  8053.0 
NBN.NN: :0.0 


FLAFFI.:..  III.  IE  SPRING  CONST,  FT-LBS/RAO 
rLAFFIf. j  bll.GE  DAMPER  CDNST,  FT- LBS -SEC/RAD 


ALDNR : :  0.0 
BLDNR : :  0.0 
CLDNN : :  15.6 
OLDNR :  :  6.64 
RLDNR : :  5.0 
LG0DRR : t -7 . 5 
TBLDNH : : 2 . 0 


••SET  OF  MOUNTING  DIMENSIONS  FDR  LAG  DAMPEN, INCHES** 


ALIGNMENT  OFFSET  IN  RELATION  TO  LAG, DEG 

FIXED  BLADE  FITCH  RELATIONSHIP  BET.  ARM  AND  THCUFF 


INPUT  PARAMETERS  FDN  FUSELAGE/WING  (IA) 
MOUNTING  POINT  DF  MODEL  IN  WIND  TUNNEL 
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psKrt  t 
WLWF ! S 
BLWF : t 
IHP :  : 

LQrHP: 

CXP 
EXP  - 

LQFLO: 

LQrNI : 

DQrHP: 

CXP 
CXP  - 

OOrLO: 

DOTH I : 

HQFRP: 

CXP 
CXP  - 

HQFLO: 

■Orix : 


TABLE  C-l.  SA-365R  SPECIFIC  FILE  (Coat'd) 


300.0 

140.0 

0.0 

0.0 


I  FUSELAGE  STATION, IN. 

I  WATERLINE  STATION, IN. 

I  BUTTLINE  STATION. IN.  (*IVE  TO  PORT) 
l  KING  INCI DCNl ' , DtG . 


J  UVRUVRII 

ALrwm 

lqfii 

Lorto 

-20.0,20.0,2.0 

LOrHi 

100.0,100.0,20.0 


;**  FUSELAGE  LIFT  (TAIL-OFD  VS  ALFWF  HAP  ** 
jHAP  ARGUMENT : LOOK  UP  ROUTINC 
; INPUT  VARIABLC 
;OUTPUT  VARIABLC 
) LOW  ANGLE  HAP  MAKE 
; LOWER  LIB, UPPCR  LIH.OCLTA 
; HIGH  ANGLC  HAP  NAHC 
jLOWER  LIN, UPPCR  LIN, OCLTA 


i  LOW  PJJGLE  HAP: ALFWF  - 

20  TO  20 

,  DELTA  -  2 

CXP 

-10.26, 

-9.61, 

8.29, 

-6.65, 

-5.17 

CXP 

-3.86, 

-2.63, 

1.64, 

-0.66, 

-0.08 

CXP 

0.33, 

1.02, 

1.71, 

2.40, 

3.09 

CXP 

3.78, 

7.22 

1.17, 

5.16, 

5.85, 

6.54 

;  HIGN 

ANGLC  HAP : ALrWF 

-ICO  TO 

100,  OCLTA  - 

20 

CXP 

0.82, 

-0.82, 

4.02, 

-8.29, 

-10.26 

CXP 

0.33, 

-0.82 

7.22, 

S.7j. 

2.67, 

0.82 

:  UVRUVRI I 
ALrwm 
oorti 

.>QFLO 

-20.0,20.0,2.0 

OQFH  I 

100.0,100.0,20.0 


rUSCLAGC  ORAG  (TAIL-OFD  VS  ALFWF  HAP  •• 
I  HAP  ARGUHCNT: LOOK  UP  ROUTINC 
; INPUT  VARIABLE 
jOUTPUT  VARIABLC 
;  LOW  ANGLC  HAP  NAHC 
j LOWER  LIH, UPPCR  LIH , OCLTA 
jNIGH  ANGLC  HAP  NAHE 
, •LOWER  LIH, UPPCR  Lin, OCLTA 


I  LON  ANGLC  HAP :ALFWP  -20  TO  20;  OCLTA  -  2 


CXP 

9.02, 

8.07, 

7.36, 

6.77, 

6.49 

CXP 

6.19, 

6.13, 

6.06, 

5.98, 

5.98 

EXP 

6.06, 

6.13, 

6.24, 

6.36, 

6.49 

CXP 

6.70, 

7.86 

6.93, 

7.14, 

7.36, 

7.57 

1  HIGN 

ANGLE  HAP,  ALPHA 

FROH  -100 

OCG  TO 

100  OEG,  i 

CXP 

147.0, 

138.0, 

92.0, 

3S.7. 

9.02 

CXP 

6.06, 

7.86, 

34.1, 

91 .2, 

137.0 

148.0 


:  UVRUVRII 
ALFVFII 
nrrn 

r.orLO 

-20.0,20.0,2.0 

RQFHI 

100.0,100.0,20.0 


j««FUSELAGE  PITCN  HOH  (TAIL-OFF)  VS  ALFWF  HAP«« 
I  HAP  ARGUHCNT  .-LOOK  UP  ROUTINC 
j INPUT  VARIABLC 
/OUTPUT  VARIABLE 
I  LOW  ANCLE  HAP  NAHE 
j LOWER  LIH. UPPCR  LIH.OCLTA 
[HIGN  ANGLC  HAP  NAHC 
I  LOWER  LIH, UPPCR  LIH.OCLTA 


;  LOW  ANGLC  HAP:  ALPHA  FROH  -20  DCG  TC  20  OEG,  OCLTA  -  2 


EXP 

-272.0, 

-266.0, 

-257.0. 

-246. C, 

-231.0 

CXP 

-214.0. 

-194.0, 

-173.0, 

-145.0, 

-117.0 

CXP 

-89.3, 

-61.4, 

-33.5, 

-5.59, 

22.4 

CXP 

50.2, 

168.0 

78.1. 

104.0, 

129.0, 

149.0 

;  HIGH 

ANGLE  HAP: 

ALPHA  FROH  - 

100  OCG  TO 

100  DEG,  ' 

CXP 

13.7 

-13  7. 

-106.0, 

-220.0, 

-272.0 

CXP 

-89.3 

-8.2 

,  148.0, 

137.0, 

44.4, 

8.2 
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DLQPHP: :UVRM 
EXP  PSIHP** 
DLQPM 


TABLE  C-l.  SA-365H  SPKCiriC  FILE  (Coot'd) 


(••FUSELAGE  DELTA  LIFT  (TAIL-OPP)  VS  P61WF  HAP** 
| RAP  ARGUMENT : LOOK  UP  ROUTINE 
I  INPUT  VARIABLE 
I  OUTPUT  VARIABLE 


DLQFLO 

(RAP  NAME 

t 

EXP  -20.0,20.0 

,2.0 

(LOWER  LIH, 

UPPER  LIH, 

DELTA 

i 

(PRIMARY 

RAP  PSIHP 

-20  TD  20 

DEG,  DELTA-2  DEG 

DLQFLO:  EXP 

-1.13, 

-4.C6, 

-3.53, 

-2.79,  -2.13 

EXP 

-1.52, 

-0.99, 

-0.57, 

-0.25,  -0.01 

EXP 

0.0, 

-0.PJ. 

-0.2S, 

-0.57,  -0.99 

« 

EXP 

r-d  w 
*n  ^ 

H  ^ 

t  1 

-2.1j, 

-2.79, 

-3.53,  -4.06 

DDQPHP: : UVRUVR** 

PS IMP* t 

DDOPM 

DDQPLO 

EXP  -20.0,20.0,2.0 
DDQfHI 

exp  -100.0,1:0.0,20.0 


(•*  FUSELAGE  DELTA  DRAG  VS  PSIHP  RAP  ** 
I  HAP  ARGUMENT: LOOK  UP  ROUTINE 
I INPUT  VARIABLE 
j OUTPUT  VARIABLE 
| LOW  ANGLE  RAP  NAME 
j LOWER  LIH, UPPER  L1H, DELTA 
(HIGH  ANGLE  RAP  NAME 
j LOWER  LIH, UPPER  LIH. DELTA 


(PRIMARY  HAP  -  PSIHP  PRDH  -20  TO  20  DEGREES,  DELTA  -  2 


DDQPLD : 

EXP 

15.0, 

11.7, 

9.2, 

7-0, 

5.1 

EXP 

3.6, 

2.3, 

16, 

0.6, 

0.5 

EXP 

0.0, 

0.5, 

o.a, 

1.6, 

2.3 

EXP 

3.6, 

5.1, 

7.0, 

9.2, 

11.7 

15.0 

(  HIGH 

ANGLE  RAP:  PSI 

-100  TO 

100  DEGREES, 

DELTA  ' 

DDQFHI : 

EXP 

134.0, 

129.0, 

9S.2, 

49.1, 

15.0 

EXP 

o.o, 

15.0, 

49.1, 

96.2, 

129.0 

134.0 

. 

(••  PUS.  DELTA 

PITCH  HDHENT  VS  PSIHP  HAP 

DNQPNP : 

:  UVRUVR* 1 

;HAP  ARGUMENT: 

LOOK  UP 

RDUTINE 

EXP 

PSIHP** 

(INPUT  VARIABLE 

DHQP*  « 

(OUTPUT  VARIABLE 

DNQPLD 

(LOW  ANGLE  HAP 

NAME 

EXP  -20.0,20.0, 

2.0 

(LOWER  LIH, UPPER  LIN, DELTA 

DNQPHI 

(HIGH  ANGLE  HAP  NAME 

EXP  -100.0,100.0 

,20.0 

(LOWER  LIH, UPPER  LIN, DELTA 

(PRIHARY  RAP  -  PSIHP  - 

20  TO  20 

DEG,  DELTA- 

2  DEG 

DNQ  TLD : 

EXP 

61.0, 

55. B, 

49.1, 

39.0, 

29.6 

EXP 

20.9, 

13.4, 

6.2, 

4.1, 

1.5 

EXP 

0.0. 

1.5, 

4.1, 

6.2, 

13.4 

EXP 

20.9, 

29. 1, 

39.0, 

49.1, 

55.* 

61.0 

, HIGH  ANGLE  RAP  -  PSIHP  -100  TO  100  DEG 

DHQPRI : 

EXP 

-3.0, 

3.0, 

23.9, 

49.6, 

61.0 

EXP 

0.0, 

61.0, 

49.6, 

23.9, 

3.0 

YQPHP: :  UVRUVR*# 

EXP  PSIMPII 

YOPM 

YQPLO 

EXP  -20.0,20.0,2.0 
YQPHI 

UP  -100.0.100.0,20.0 


(••  FUSELAGE  5IDEPDRCE  VS  PSIHP  RAP  •• 

(RAP  ARGUMENT: LOOK  UP  ROUTINE 

(INPUT  VARIABLE 

(OUTPUT  VARIABLE 

(LOW  ANGLE  HAP  RARE 

(LOWER  LIH, UPPER  I, IR, DELTA 

( BIG!  ANGLE  HAP  HARE 

(LOWER  LIN, UPPER  LIN, DELTA 
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tmc  C-l.  SA-3651  sncmc  FILE  count'd) 


(LOW  ANGLE 

RAP (PSI  -20 

TO  20  DEG 

KXP 

-34.7, 

-29.6, 

-25.7, 

-21.7, 

-17.7 

EXP 

-14.6, 

-11.5, 

-8.4, 

-5.5. 

-2.7 

EXP 

0.0. 

2.7, 

5.5, 

8.4, 

11.5 

EXP 

14.6, 

34.7 

17.7, 

21.7, 

25.7, 

29.6 

(  HIGH  ANGLE  HAP(  PSI 

-100  TO  100 

DEG 

EXP 

-3.9, 

-55.3, 

-103.0, 

-79.9, 

-34.7 

EXP 

0.0, 

34.7, 

78. 9, 

103.0, 

55.3 

RQrRP::  UVRUVRM 
ex’  rsiwrti 

ROM* 

Rort.o 

EXP  -20.0,20.0,2.0 
RQfHl 

EXP-100.0,100.0,20.0 


I •«  fuselage  rolling  R0K2NT  VS  PSIWF  HAP  •• 

jKAP  ARGURENTrLOOK  UP  ROUTINE 

(INPUT  VARIABLE 

(OUTPUT  VARIABLE 

(LOW  ANGLE  HAP  NAME 

(LOWER  LIN, UPPER  LIR, DELTA 

(HIGH  ANGLE  HAP  NAME 

(LOWER  LIR, UPPER  LIR, DELTA 


(LOW  ANGLE 

HAPiPSIWr 

FROR  -20  TO 

20  DEG 

ROrLO: 

EXP 

-13.3, 

-12.6, 

-11.6, 

-10.2, 

-9.1 

EXP 

-7.9. 

-6.3, 

-4.9, 

-3.5, 

-1.8 

EXP 

0.0, 

1.8, 

3.5, 

4.9, 

6.3 

EXP 

7-9, 

13.3 

(HIGH  ANGLE 

9.1, 

HAP:PSIwr 

10.2, 

FROR  -100 

11.6, 

TO  100  DEG 

12.6 

RQFH1 ( 

EXP 

280.0, 

280.0, 

210.0, 

0.0, 

-13.3 

EXP 

0.0, 

-280.0 

13.3, 

0.0, 

-210.0 , 

-280.0 

NOFRPs:  UVRUVRII 

exp  psiwrit 
Norn 
NQFLO 

EXP  -20.0,20.0,2.0 
NQFHI 

EXP-100. 0,100. 0,20.0 


(••  rUSELAGE  YAWING  ROBENT  VS  PSIWF  RAP  •• 

(RAP  ARGUMENT :LOOR  UP  ROUTINE 

(INPUT  VARIABLE 

(OUTPUT  VARIABLE 

(LOW  ANGLE  RAP  NAME 

(LOWER  LIR, UPPER  LIR, DELTA 

(HIGH  ANGLE  NAP  NARE 

(LOWER  LIR. UPPER  LIR, DELTA 


NQrLO:  EXP 

EXP 
EXP 
EXP 


[LOW  ANGLE  RAP: PSIWF  -20  TO  20  DEG 


-101.0, 

-ai.3. 

21.7, 

104.0, 


-loa.o, 

-63.1, 
42.1. 
107. 0, 


-107.0, 
-42.1  , 
6  3.1, 

loa.o. 


•104.3 

-21.7 

81.3 

101.0 


(PTGR  ANGLE  HAP:PSlwr  -100  TO  100  DEG 
NQTH1 :  EXP  771.0,  421.0,  280.0,  210.0,  -85.5 

EXP  0.0.  85.5,  -210.0,  -280.0,  -421.0 

-771.0 


ROTOR  INTERFERENCE  ON  THE  FUSLEAGE  (RRPA) 


EXWFRP: iBIVI* 


(••  ROTOR  X-FACTOR  ON  rUSELAGE  RAP  •• 
(RAP  ARGURENT i LOOK  UP  ROUTINE 


EXP  CHIPRRI • , AA1FRR8 I  (INPUT  VAR I ABLE! 1 , INPUT  VARIABLEI2 
EXXWril  (OUTPUT  VARIABLE 

EXWFLO  (PRln^RY  RAP  NAME 

EXP  0.0,90.0,10. 0,*D10  (LOWER  LIR, UPPER  LIR , 0ELTA, I ITERS 

EXP  -10.0,10.0,10.0  | LOWER  LIR, UPPER  LIR, DELTA  -  AA1FHR 


iCtIPRR  0  TO  90  DEG  TOR  AA1FKR  -10,0,10  DKG 


TABLE  G-l.  SA-365H  SPECIFIC  FILE  (Cont'd) 

(AA1FHR  •  -10  otc 


CXWFLO :  EXP 

0.34,  0.43, 

0.54, 

0.(4, 

0.76 

EXP 

0.6S,  1.01, 

1.1S, 

1.30, 

1.50 

{AA1PRR  -  0  OEG 

EXP 

0.11,  0.20, 

0.31, 

0.43, 

0.55 

f 

EXP 

0.67,  0.81, 

0.96, 

1.1S, 

1.30 

$ 

{AAITHR  •  10  OEG 

EXP 

-0.13,  -0.03, 

0.08, 

0.19, 

0.31 

EXP 

0.44,  0.S6, 

0.73, 

!1.90, 

1.10 

■% 

{•*  ROTOR  Z- 

FACTOR  ON 

rUSELAGE  RAP  *• 

EZWPHP; :BIVtl 

{HAP  ARGURENT; LOOK  UP 

ROUTINE 

EXP  CNI PHR|  | , AAlFRRI I  {  INPUT  VARIABLES ,  INPUT  VARIABLE!  2 
EKZWrM  J OUTPUT  VARIABLE 

EZWrLO  { PRIMARY  HAP  NAHE 

EXP  0.0,90.0,10.0,  *0.'  0  {  LOWER  LIR, UPPER  LIH,OELTA ,  I  ITERS 

EXP  -10.0,10.0,10.0  {LOWER  LIR, UPPER  LIR, OELTA  -  AA1TRR 


{'•BIPRR  0 

TO  90  OEG 

TOR  AA1FRR  - 

10,0,10  OEG 

{ AA1FNR  - 

-10  OEG 

EZWFLO: 

KXP 

1.19, 

1.17, 

1.14, 

1.10, 

1.07 

EXP 

1.03, 

0.99, 

0.95, 

0.69, 

0.64 

{AA1FKR  - 

0  OEG 

EXP 

1.24, 

1.23, 

1.23, 

1.22, 

1.21 

EXP 

1.20, 

1.16. 

1.17, 

1.16, 

1.14 

{AA1FHR  - 

10  OEG 

EXP 

1.24, 

1.25, 

1.27, 

1.26, 

1.29 

EXP 

1.31, 

1.33, 

1.35, 

1.37, 

1.39 

{**••• 

INPUT 

PARARETERS  FOR  PANEL  |1 

(RT  HORIZONTAL)  •••••• 

FSP1: : 

494.0 

{ 

FUSELAGE  STATION, INCH 

t 

NLP1 : : 

126.0 

( 

WATERLINE 

STATION, INCH 

HLP1 : : 

-30.0 

( 

BUTTLINE  STATION, INCH 

(♦IVE  TO  PORT) 

EAF1 : ; 

6.0 

{ 

SURFACE  AREA, FT**2 

CARPI::  0.0  I  PANEL  ORIENTATION, OEG 

I 0PJ : :  -1.5  i  PANEL  INCIOENCE.OEG 

CPI::  1.0  ;  PANEL  HEAN  AERO  CBORO.rT 


{**  HORIZONTAL  STABILIZER  (RT  PANEL)  LITT  VS  ALFPF1  HAP  •• 


s-e.o 

CLPIHP:  -.UVRUVRII 

ALrppin 

CLP1M 

CLP1LO 

EXP  -24.0,24.0,2.0 
CLPlHl 

EXP  -90. 0,90.0, IS. 0 


FT««2,  AR-S.S,  4412  1NVERTEO  AIRPOIL 
j  NAP  ARGURENT ; LOOK  UP  ROUTINE 
; INPUT  VARIABLE 
{OUTPUT  VARIABLE 
{LOW  ANGLE  RAP  NAN! 

{LOWER  LIR, UPPER  L.'R, OELTA 
{HIGH  ANGLE  RAP  NAHE 
{LOWER  LIR, UPPER  LIR. DELTA 


{LOW  ANGLE 

RAP : ALFPP1 

-24  TO  24 

OEG,  OELTA  - 

2  DEG 

CLP1LO : 

EXP 

-0.76, 

-0.90, 

-1.15, 

-1.19, 

-1.17 

EXP 

-1.13. 

-1.07, 

-1.00, 

-0.16, 

-0.71 

EXP 

-0.S7, 

-0.42, 

-0.27, 

-0.12, 

0.03 

EXP 

0.17, 

0.30, 

0.39, 

0.45, 

0.49 

EXP 

0.51, 

0.46, 

0.50, 

0.55, 

0.60 

{HIGH  ANGLE 

HAP  t ALFPP1 

-90  TO  *0 

OEG,  OELTA 

-  15  OEG 

CLPlHl! 

EXP 

0.0. 

-0.35, 

-0.70, 

-0.60, 

-0.75 

EXP 

-0.775, 

-0.27, 

0.45, 

0.70, 

0.60 

EXP 

0.70, 

0.35, 

0.0 

{••  HORIZONTAL  STABILIZER  (RT  PANEL)  DRAG  VS  ALFPP1  HAP  •• 
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TABLE  C-l.  SA'3b5H  SPECIFIC  FILE  (Cont'd) 


CDP1HP:  (UVRUVR4I 

alpppici 

C0P1I 4 
CDP1LO 

CXP  -24.0,24.0,2.0 
CDP1HI 

CXP  -90.0, 90.0, IS. 0 


I  HAP  ARGUMENT : LOOK  UP  ROUTINE 

(INPUT  VARIABLE 

(OUTPUT  VARIABLE 

(LOW  ANGLE  KAP  NAME 

(LOWER  LIH, UPPER  LI H, DELTA 

'HIGH  ANCLE  HAP  NAME 

(LOWER  LIM, UPPER  LIH, DELTA 


(LOW  ANGLE 

MAP : ALFPP1 

-24  TO  24 

DEG.  DELTA  - 

2  DEG 

CDP1LO: 

EXP 

0.36, 

0.35, 

0.34, 

0.32, 

0.29 

% 

EXP 

0.21, 

0.13, 

0.08, 

O.Co, 

0.045 

EXP 

0.03, 

0.02, 

0.013, 

0.C09, 

0.009 

EXP 

0.012, 

0.016, 

0.022, 

0.03, 

0.065 

0 

EXP 

0.11, 

0.1S, 

0.11, 

0.22, 

0.26 

(HIGH  ANGLE 

MAP (ALPPP1 

-90  TO  90 

DEG,  DELTA 

-  15  DEG 

* 

CDP1HI: 

EXP 

1.20, 

1.12, 

0.91, 

0.65, 

0.41 

EXP 

0.2BS, 

0.013, 

0.165, 

0.31, 

0.56 

EXP 

0.89, 

1.12, 

1.20 

(••••••  INPUT  PARAMETER  POR  ROTOR  INTERFERENCE  ON  THE  HORIZ.TAIL  41  (MRPA) 

;**  ROTOR  X-rACTOR  ON  HORIZONTAL  TAIL  MAP  •* 

EXP1NP: :BIV44  (MAP  ARGUMENT : LOOK  UP  ROUTINE 

EXP  CHI PHR44, AAl PMR44  (INPUT  VARIABLEIl , INPUT  VARIABLE! 2 
EKXP1I4  (OUTPUT  VARIABLE 

EXP1LO  (  tlhP  NAME 

EXP  0.0, 90. 0,10.0, 'D10  (LOWER  LIM, UPPER  LIM, DELTA, I ITEMS 
EXP  -10.0,10.0,10.0  (LOWER  LIM, UPPER  LIM, DELTA  -  AA1PMR 

I  CHI PHR  0  TO  90  DEG  POR  AAl PHR  -10,0,10  DEG 


EXP1I.C :  EXP 

( AAlFMR  - 

0.14, 

-10  DEG 
0.27, 

0.43, 

0.60, 

0.77 

EXP 

0.96, 

1.17, 

1.41, 

1.69, 

2.05 

EXP 

( AA1PHR  - 

-0.24, 

0  DEG 

-o.n. 

0.05, 

0.?1, 

0.35 

UP 

0.56, 

0.60, 

1.04, 

1.32, 

1.62 

EXP 

(AAl PHR  - 
-0.64, 

10  DEG 
-0.52, 

-0.39, 

-0.23, 

-0.07 

EXP 

0.11, 

0.32, 

0.56, 

0.64, 

1.16 

(••  ROTOR  1- FACTOR  ON  HORIZONTAL  TAIL  MAP  •• 

EZPlMP : : HI  VI I  (MAP  ARGUMENT: LOOK  UP  ROUTINE 

EXP  CHIPHR4# .AA1PHRM  (INPUT  VARIABLE! 1 , INPUT  VARIABLE! 2 
EKZP1II  (OUTPUT  VARIABLE 

EZP1LO  (PRIMARY  MAP  NAME 

EXP  0.0,90.0,10.0,*D10  (LOWER  LIM, UPPER  LIM.DELTA, 4ITEM5 
EXP  -10.0,10.0,10.0  (LOWER  LIH. UPPER  LIM.DELTA  -  AA1FHR 

(CHIPMR  0  TO  90  DEG  POR  AA1PMP.  -10,0,10  DEG 


EZP1LO:  EXP 

(AAl PHR  - 

1.58, 

-10  DEG 

1.59, 

1 .60. 

1.60. 

1.60 

EXP 

1.59, 

1.59, 

1.57, 

1.54, 

1.51 

EXP 

j AAl PHR  * 

1.53. 

0  DEG 

1.56, 

1.63, 

1.67, 

1.72 

EXP 

1.76, 

1.60, 

1.64, 

1.67, 

1.90 

EXP 

jAAlPHR  - 

1.15. 

10  DEG 

1.44, 

1.51, 

1.63, 

1.73 

EXP 

1.63, 

1.93, 

2.04, 

2.15. 

2.26 

FUSELAGE  I NTERFE RHCE  ON  THE  BORIZ.TAIL  II  (WPPA) 
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TABLE  C-l.  SA-365H  SPECIFIC  FILE  (Coat'd) 


J  *•  HORIZONTAL  YAlL  DYNAMIC  PRESSURE  RATIO  MAP** 
QPlRPit  UVRM  | NAP  ARGURENT : LOOK  UP  ROUTINE 

ALrwr4l  { INPUT  VARIABLE 

QPlQNril  > OUTPUT  VARIABLE 

QF1LO  {NAP  NAME 

EXP  -20.0,20.0,4.0  { LOWER  LIN.UPPEA  L.R , OELTA 

;ALrwP  -20  TO  20  DEO,  OELTA  -  4  DEO 

QP1LO:  EXP  1.00,  .96,  .82,  .76,  .76 

EXP  .76,  .79,  .82,  .85,  .96 

1.00 

{••  BOOT  DOWNWASH  ON  HORIZONTAL  TAIL  NAP  ** 
EPP1RP: :UVRM  ;KAP  ARGUNENT : LOOR  UP  ROUTINE 

ALrvPIt  ; INPUT  VARIABLE 

EPSP1II  > OUTPUT  VARIABLE 

EPPlLO  {NAP  NAME 

EXP  -40.0,40.0,5.0  { LONER  LIN, UPPER  LIN, OELTA 


;LOW  ANGLE 

NAF:ALrwr 

-40  TO  40  DEG, 

DELTA  - 

5  OEG 

EPPlLO:  EXP 

0.0, 

1.0. 

2.0, 

3.0. 

4  .0 

EXP 

3.6, 

3.1, 

2.6. 

2.1, 

1.55 

EXP 

1.0, 

0.5, 

0.0, 

o.o, 

0.0 

EXP 

0.0, 

0.0 

{••*••  INPUT  PARAMETERS  POR  PANEL  42  ( LT  HORIZONTAL) 


FSP2 : 

494.0 

{  rUSELAGE  STATION, INCH 

WLP2: 

126.0 

{  WATERLINE  STATION, INCR 

BLP2: 

30.0 

{  BUTTLINE  STATION, INCH  UIVE  TO  PORT) 

SAP2: 

8.0 

{  SURPACE  AREA  PT**2 

GANP2 

:  0.0 

{  PANEL  ORIENTATION, OEG 

I0P2: 

-1.5 

{  TAIL  INCIOENCE, OEG 

CP2 : : 

1.0 

{  PANEL  NEAN  AERO  CBORO.ry 

ROR1ZONTAL  STABILIZER  (LT  PANEL)  LIPT  VS  ALPPP2  NAP  •• 
j**  S-3.0  PT**2,  AR-5.5,  4412  INVERTEO  AIRPOIL 
CLP2NP: :UVRUVRM  {NAP  ARGUNENT: LOOR  UP  ROUTINE 

ALrPP2ll  { INPUT  VARIABLE 

CLP2M  {OUTPUT  VARIABLE 

CLP1LO  j  LOW  ANCLE  NAP  NAME 

EXP  -24.0,24.0,2.0  {LOWER  LIN, UPPER  LIN, OELTA 

CLP1RI  jUIOR  ANGLE  NAP  NAME 

EXP  -90.0,90.0,15.0  {LOWER  LIR, UPPER  LIN, OELTA 

{••  RORIZONTAL  STABILIZER  ( LT  PANEL)  DRAG  VS  ALPPP2  NAP  •• 
COP2NP: :UVRUVR»»  {NAP  ARGUNENT : LOOR  UP  ROUTINE 

ALPPP2II  {INPUT  VARIABLE 

COP2M  {OUTPUT  VARIABLE 

CDPlLO  {LOW  ANGLE  NAP  NAME 

EXP  -24.0,24.0,2.0  {LOWER  LIN  UPPER  LIN. OELTA 

COP1RI  {NIGH  ANGLE  NAP  HAKE 

i..T»  -90.0.90.0,15.0  {LOWER  LIN, UPPER  LIN, OELTA 

{• .  INPUT  PARAMETER  TOR  ROTOR  INTERFERENCE  ON  TNE  NORIZ.TAIL  12  { NRPA ) 

{••  ROTOR  X-rACTOB  ON  RORIZONTAL  TAIL  NAP  •• 

CXP2NP : :»IV*(  {NAP  ARGUNENT: LOOR  UP  ROUTINE 

EXP  CRIPNRM .AAlFNRI I  {INPUT  VARIABLE91 , INPUT  VARIABLEI 2 
ERXP2II  {OUTPUT  VARIABLE 

EXP1LO  (NAP  NAME 

EXP  0.0.90.0  10.C.‘Ol0  {LOWER  LIN, UPPER  LIN, OELTA, 91TENS 
EXP  -10.0.10.0,10.0  {LOWER  LIN. UPPER  LIN, OELTA  -  AAlPNR 

ROTOR  S-PACTOR  OW  HORIZONTAL  TAIL  NAP  •• 
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TABLE  C-l.  SA-365N  SPECIFIC  FILE  (Coat'd) 


EZP2HP; :BIV||  |MAP  ARGUMENT i LOOK  UP  ROUTINE 

EXP  CHIPHRI6,AAlrMRII  {INPUT  VAR  I  ABLE  1 1 ,  INPUT  VARIABLE  I  2 
ERZP2II  j OUTPUT  VARIABLE 

EZP1LO  JAAP  NAAE 

ERP  0.0. 90. 0,10.0, ‘DIO  {LOWER  LIH, UPPER  LI  A , DELTA , 1 1  TEAS 
ERP  >10.0,10.0,10.0  ; LOWER  LIH, UPPER  Lin, DELTA  -  AA1PHR 

j .  PUSELAGE  INTERPERNCE  ON  THE  HORIZ.TAIL  |2  (NPPA)  ••• 


QP2HP:  :  UVRII 

ALrwn  i 

QP2QWPM 

QPILO 

EXP  >20.0,20.0,4.0 


HORIZONTAL  TAIL  DYNAMIC  ’.‘RESSURr  RATIO  HAP»« 
; HAP  ARGUMENT : LOOK  UP  ROUTINE 
jINPUT  VARIABLE 
; OUTPUT  VARIABLE 
; HAP  NAME 

{LOWER  LIH, UPPER  LIH, DELTA 


{••  BODY  DOWNWASH  ON  HORIZONTAL  TAIL  HAP  •• 


EP1'2HP:  : UVRII 

{MAP  ARGUMENT: LOOR  UP 

ROUTINE 

ALrwrit 

{INPUT  VARIABLE 

EPSP2II 

{OUTPUT  VARIABLE 

EPP1LO 

{MAP  NAME 

ERP  -40.0,40.0,5.0 

{LOWER  LIH, UPPER  LIH, 

DELTA 

!••••••  INPUT  PARAMETERS  POR  PANEL  13  (VERTICAL  TAIL) 


PSP3 : : 

550.0 

{  PUSELAGE  STATION, INCH 

WLP1: : 

16  4.0 

j  WATERLINE  STATION, INCH 

8LP3: : 

0.0 

{  BUTTLINE  STATION, INCH  (♦IVE  TO  PORT) 

SAP 3: : 

20.0 

{  SURTACE  AREA , TT*  * 2 

CAHF3: : 

-90.0 

{  PANEL  ORIENTATION, DEG 

I 0P3 : : 

-3.5 

{  PANEL  INCIDENCE, DEG 

CP3:  : 

1  0 

{  PANEL  hEAN  AERO  CHORD, PT 

{••  S-7C 

VERTICAL  STABILIZER  LIPT  VS  ALPPP3 

HAP  •• 

CLP3HP: 

UVRUVRIi 

{HAP  ARGUMENT: LOGR  UP  ROUTINE 

ALPPP3M 

J INPUT  VARIABLE 

CLP  31 1 

{OUTPUT  VARIABLE 

CLP3LO 

{PRIMARY  (BASIC)  HAP  NAME 

ERP  -24 

.0,24.0, 

2.0 

{LOWER  LIH, UPPER  LIH, DELTA 

CLP3HI 

{HIGH  ANGLE  HAP  NAME 

ERP  -90 

.0,90.0 

15.0 

{LOWER  LIM. UPPER  LIH, DELTA 

{LOW  ANGLE  HAP:ALTPP3  -24  TO  24  DEG.  DELTA  - 

2  DEG 

CLP3LO: 

ERP 

-0.76, 

-0.95,  -0.89,  -0.62, 

-0.75 

ERP 

-0.66, 

-0.60,  -0.52,  -0  44, 

-0.36 

ERP 

-0.26, 

-0.20.  -0.12,  -0.04, 

0.04 

ERP 

0.12, 

0.195,  0.27.  0.35, 

0.43 

■Aj 

ERP 

0.51, 

0.59,.  0.66,  0.73, 

0.66 

{HIGH  ANGLE  KAP;ALrpp3  -90  TO  90  DEG,  DELTA 

-  15  DEG 

CLP3HI  : 

ERP 

0.0, 

-0.35,  -0.70,  -0.77, 

-0.70 

ERP 

-0.65, 

-0.12,  0.60,  0.70, 

0.77 

ERP 

0.70, 

0.35,  0.0 

{••  s-76 

VERTICAL  STABILIZER  DRAG  VS  ALPPP3 

HAP 

CDP3HP: : 

UVRUVRII 

;HAP  ARGUMENT : LOOR  UP  ROUTINE 

ALPPP3I 1 

{INPUT  VARIABLE 

CDP3II 

(OUTPUT  VARIABLE 

CDP3LO 

{LOW  ANGLE  HAP  NAME 

EXP  -24 

.0,24.0, 

2.0 

{LOWER  LIM, UPPER  LIM, DELTA 

CDP3HI 

{HIGH  ANGLE  HAP  NAME 

EXP  -90 

.0.90.0, 

15.0 

(LOWER  LIM, UPPER  LIH, DELTA 

;LOW  ANGLE  HAP:ALfPP3  -24  TO  24  DEG,  DELTA  - 

2  DEG 

CDP3LO: 

ERP 

0.260 

.  0.215.  0.175,  0.145. 

0.119 

EXP 

0 .  O',  7 

,  0.077,  0.061,  0.046, 

0.034 

3S0 


TABLE  C-l.  SA-365M  SPECIFIC  FILE  (Coat'd) 


EXP 

0.023, 

0.016, 

O.OU, 

0.009, 

0.009 

EXP 

0.012, 

0.017, 

0.024, 

0.034, 

0.047 

EXP 

0.063, 

0.000, 

0.110, 

0.150, 

0.210 

(B1GH  ANGLE 

HAP : ALPPP3 

-90  TD  90 

DEG.  DELTA  • 

15  DEG 

CDP3R2:  EXP 

1.20, 

1.12, 

0.B9. 

0.50, 

0.31 

EXP 

0.18S, 

0.011, 

0.235, 

0.26, 

0.54 

EXP 

0.06, 

1.12, 

1.20 

)••••**  KOTOR  INTERFERENCE  ON  THE  VERTICAL  TAIL  13  (RRPA) 


(•*  KOTOR  X-PACTDR  ON  VERTICAL  TAIL  RAP  ** 

EXP3HP: :BI V||  jKAP  ARGUHENT : LOOK  UP  ROUTINE 

EXP  CB1PHRII ,  AAlfRRH  j INPUT  VAR1ABLEI1, INPUT  VAR1ABLEI2 
EKXF3II  (OUTPUT  VARIABLE 

EXP3  (HAP  NAME 

EXP  0.0.90.0,10.0, ‘DIO  (LONER  L1R, UPPER  L1K.OELTA, I  ITERS 
EXP  -10.0,10.0,10.0  (LOWER  L1H, UPPER  L1H. DELTA  -  AA1PHR 


(CH1PHR  -20  TO  100 

DEG  PDR  AAlPHH  -10,0,10 

DEG 

EXP3 : 

EXP 

(AA1PHR  •  -10  DEG 
-0.47,  0.20, 

0.30, 

0.57, 

0.70 

EXP 

1.00,  1.24, 

1.50, 

1.02, 

2.20 

EXP 

(AAlPNR  -  0  OEG 

-0.65,  -0.70, 

-0.93, 

0.11, 

0.34 

EXP 

0.59,  0.06, 

1.15, 

1.49, 

1.06 

EXP 

jAAlPHR  -  10  DEG 
-0.04,  -0.00, 

-0.92, 

-0.94, 

-0.94 

EXP 

-0.90,  -0.01, 

-0.66, 

-0.43, 

-0.10 

(••  RDTOR  S 

-FACTOR  ON 

VERTICAL  TAIL 

RAP  •• 

EZF3HP: 

:B1VII 

(HAP  ARGUHENT : LOOK  Ufr 

ROUTINE 

EXP  CBIPHHII , AA1PHRII  (INPUT  VAR1ABLE41 , INPUT  VARIABLE! 2 
EKZP3! I  j OUTPUT  VARIABLE 

EZP3LO  (HAP  NAME 

EXP  0.0,90.0,10.0, ‘D10  (LOWER  LIH, UPPER  LIH, DELTA, I ITERS 

EXP  -10.0,10.0,10.0  (LOWER  LIH, UPPER  LIN, DELTA  -  AA1PRR 

jCHIPHH  0  TO  90  DEG  PDR  AA1PHR  -10,0,10  DEG 


E2P3LD:  EXP 

(AAIPRN  - 
-0.15, 

-10  OEG 

1.75, 

1  .77, 

1 .70, 

1.70 

EXP 

1.70, 

1.77, 

1.76, 

1.75. 

1.74 

EXP 

(AA1P1R  - 

-0.24, 

0  DEG 
-0.10, 

0.03, 

1.97, 

2.04 

EXP 

2.09, 

2.14, 

2.10, 

2.20. 

2.20 

EXP 

(AA1PRR  - 

0.00, 

10  DEG 

0.22, 

0.39, 

0.59, 

0.02 

EXP 

1.00, 

1.30, 

1.71, 

2.07, 

2.43 

(••••••  FUSELAGE  INTERFERENCE  DN  THE  VERTICAL  TAIL  13  (WPPA)  ••*••• 

(••  S-76  VERTICAL  TAIL  DTHAH1C  PRESSURE  RATIO  HAP  •• 
OP  SAP : ;  R I VI I  (RAP  ARGUHENT : LOOK  UP  RDUTINE 

EXP  PSIMFII .ALntPM  (INPUT  VARIABLE! 1 , INPUT  VARIABLE! 2 

QP3QWPM  (OUTPUT  VARIABLE 

OP3LO  (HAP  RARE 

EXP  -20.0.20.0,4.0,13  (LOWER  LIN, UPPER  LIH. DELTA. I  ITERS 
EXP  -10.0.10.0.S.0  (LOWER  LIR, UPPER  L1R.OELTA  -  ALPWP 

(LOW  AKGLE  HAPiPSIWP  -20  TO  20  DEG  PDR  ALPWP  -10,0.10 
(ALPWP  -  -10  OEG 

0P3LO:  UP  1.000,  0.910,  0.95:.  0.920,  0.1*0 
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0.910 


TAILS  C-l.  SA  3651  SPECIFIC  FILS  (Conc’d) 


0.125, 

1.00 


0.000, 


(ALPNP  »  -5  DEC 

1.000,  0.970, 
0.785,  0.810, 
1.000 


0.920, 


0.910, 

0.880, 


0.950, 


0.880, 

0.910, 


0.810 

0.970 


i  hi  rwp  - 
1.000, 
0.750, 
1.00 


DEC 

0.960, 

0.770, 


rALrwr  -  5  dec 

1.000,  0.940, 
0.710,  0.720, 
1.000 


0.890, 

0.850, 


0.850, 

0.790,. 


0.850, 

0.890, 


0.790, 

0.850, 


0.770 

0.960 


0.720 

0.940 


lAirwr  -  10  Dec 

1.000,  0.910,  0.820,  0.730,  0.680 
0.670,  0.680,  0.730,  0.820,  0.910 
1.00 


PSP4 :  : 

NLP' :  : 
UMit 
SAP 4 : i 
GAHF4 :  ! 
X  0  P  4 : : 
CP4  : : 


INPUT  PAPAHETEPS  POP  PANEL  <4  (PAN  BASE) 


554.7 

136.1 

0.0 

17.13 

-90.0 

Z 

1.0 


)  FUSELAGE  STATION, INCH 
I  NATESLINE  STATION, INCH 
I  PUTTLINE  STATION, INCH  (♦IVE  TO  PORT) 
1  SUPPACE  APEA , PT* • 2 
I  PANEL  OPI ENTATION, DEG 
|  PANEL  INCIDENCE, DEC 
I  PANEL  HEAN  AEPO  CHOPD,PT 

(••  PAN  BASE  LIFT  V8  ALPPP4  HAP  •• 

I HAP  ARGUMENT i LOOK  UP  PONTINE 
I  INPUT  VAPIASLE 
(OUTPUT  VAPIASLE 
I  LON  ANGLE  HAP  NAME 
I LONER  LIN, UP  PEP  LIN, DELTA 
; H 1CP  ANGLE  HAP  NANE 


CLP4NP; lUVHUVPIl  (HAP  ARGUMENT i LOOK  UP  POyTI 

AL  P7'P4 1 1  (INPUT  VAPIASLE 

CLP4M  (OUTPUT  VAPIASLE 

CLP4I.0  (LON  ANGLE  RAP  NAME 

UP  -20.0,20.0,2.0  ( LOHEP  LIN, UP  PEP  LIN, DELTA 

CLP4HI  (N1GP  ANGLE  HAP  NANE 

EXP-100.0,100.0,20.0  (LONER  L1N.UPPEP  LIN. DELTA 


CLP4LO:  EXP 
EXP 
EXP 
EXP 
EXP 


(LON  ANGLE  KAP:ALPPP4  -20  TO  20  DEG,  DELTA  -  2  DEG 


-0.165, 
'  3.104, 
3.003, 
0.109, 
0. 165 


-0.160, 

-0.082, 

0.024. 

0.130, 


-0.154, 

-0.061, 

0.045, 

9.138, 


-0.146, 

-0.040, 

0.066, 

0.146, 


-0.125 
-0.019 
0.088 
0. 157 


(SIGH  ANGLE  KAP:ALPPP4  -100  TO  100  DBG,  DELTA  »  20  DEG 
CLP4HI t  EXP  0.024,  -0.024,  -0.071,  -0.118,  -0.165 

EXP  0.003,  0.165.  0.118,  0.071,  0.024 

EXP  -0.024 

(*"  PAN  PASE  DRAG  VS  ALPPP4  HAP 


CDP4NP: iUVPUVPI* 

ALPPP4II 

CDP41I 

CDP4LO 

UP  -20.0.20.0,2.0 

CDP4BI 

UP-100.0.100.0,20.0 


( HAP  APGUHENTi LOOK  UP  ROUTINE 

(INPUT  VAPIASLE 

(OUTPUT  VARIABLE 

(LON  ANGLE  HAP  NANE 

(LONER  LIN, UPPER  LIN, DELTA 

( SIGH  ANGLE  HAP  NANE 

(LONER  LIH, UPPER  LIN, DELTA 


(LOW  ANGLE  HAP : ALPPP4  -24  TO  24  DBG,  DELTA  -  2  DEG 
CDP4LOt  EXP  0.160,  0.141,  0.130,  0.124,  0.119 

UP  0.115,  0.112,  0.109,  8.107,  0.106 


182 
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0.105, 

0.115, 

0.160 


0.106, 

0.119, 


0,107, 

0.134, 


0.109, 

0.130, 


0.112 

0.141 


CDP4HI:  EXP 
EXP 
tXP 


■HIGH  ANGLE  NAP.-ALFPP4  -100  TO  100  DtG,  DELTA  -  20  OEG 
.596.  .532.  .476.  -286.  -\\\ 

.105,  -  160,  -  286 ,  .  476,  -532 

.596 


ROTOR  INTERFERENCE  ON  THE  PAN  BASE  84  (HRPA) 


ROTOR  X-FACTOR  ON  FAN  BASE  NAP  •• 
RTP4NP, -BIVIS  jNAP  ARGUNENTsLOOK  UP  ROUTINE 

CEXP  CHIPRRtl , AA1FNRI I  ; INPUT  VARIABLEI1 . INPUT  VARIABLE#! 

ERXP4M  ; OUTPUT  VARIABLE 

EXP4  ( LOW  ANGLE  NAP  KANE 

EXP  0.0,90.0,10.0, *D10  »LOWEr.  -IN. UPPER  LIN, DELTA, (ITERS 

EXP  -10.0,10.0,10.0  ; LOWER  Li*. UPPER  LIN.TELTA  -  AA1FNR 


jCNI*RR  0  TO  90  DEO  FOR  AA1FNR  -10,0,10  DEG 


EXP4 ; 

EXP 

EXP 

IAA1FNR  - 

0.17, 

1  08, 

-10  DEG 

0.32, 

1.30, 

0.50. 

l.SS. 

0.68, 

1.84, 

0.87 

2.20 

EXP 

EXP 

(AA1FNR  - 
-0.41, 

0  72. 

0  DEG 

-0.34. 

0.96, 

0.11, 

1.22. 

0.30, 

1 .49, 

0.50 

1.75 

EXP 

EXP 

JAAIFNR  - 
-0.54, 
0.30, 

10  DEG 
-0.66, 
0.56, 

-0.81. 

0.84. 

-0.93, 

1.16, 

0.06 

1.47 

ROTOR  I-PACTOR  ON  FAN  BASE  NAP  •• 

EIP4NP- -BWM  | NAP  ARGUNENT: LOOK  UP  ROUTINE 

KP  * CHIPHRII , AA1 FNR# (  | INPUT  VARIABLE#! . INPUt  VARIABLE!! 
ERZP4I#  jOUTPUT  VARIABLE 

E--r4LO  i LOW  ANGLE  NAP  NAHE 

EXP  0.0. 90. 0.10.0. ‘D10  .-LOWER  LIN, UPPER  LIN.  DELTA.  I ITENS _ 

EXP  -10.0,10.0,10.0  | LOWER  LIN. UPPER  LIN, DELTA  -  AAI.RR 


iCRIPNR  0  TO  90  DEG  FOR  AaIFNR  -10,0.10  DEG 


EZP4LO:  EXP 

EXP 

jAAlPHR  - 

1.72, 
1.71  , 

-10  DEG 

1.74, 

1.69, 

1.74. 

1 .66. 

1.73, 

1.63, 

1.72 

1.60 

EXP 

EXP 

IAA1FHR  - 

•0.24, 

1.94, 

0  DEG 

0.71, 

1.97, 

1  .84. 
1.99. 

1.88, 

2.01, 

1.91 

2.03 

EXP 

EXP 

lAAlPNR  - 

-0.27. 

2.18. 

10  DEG 
-0.18. 
2.26. 

-0.01, 

2.33. 

0.22, 

2.41, 

2.08 

2.49 

rUSELAGE  INTERFERENCE  ON  TBE  FAN  BASE  #4  INFPA) 


QP4N?::  UVNII 

exp  psiwfm 

QP4QWFII 

QP4LO 

EXP  -20.0,20.0,4.0 


PAN  BASE  DYNANIC  PRESSURE  RATIO  RAP  •• 
I  RAP  ARGUNENT : LOOF  UF  ROUTINE 
i INPUT  VARIABLE 
I OUTPUT  VARIABLE 
I  PRIN-*  RY  RAP  WARE 
jLOWE*  'IN, UPPER  LIN, DELTA 


QP4LO;  EXP 
UP 


, LOW  ANGLE  RAP : PSI *F  -30  TO  20  DEG.  DELTA-4  DEG 

1.00,  0.1  0.85,  0.82,  0.71 
0.70,  0.71,  0.82,  0.85,  0.95 
1.00 


TABLE  C-l.  SA-365N  SPECIFIC  FILE  (Cont'd) 


»•••••  INPUT  PARAMETERS  TOR  PANEL  15  ( RT  ENDPLATE) 

rSP5 : s  495.0 
WL?5: :  126.0 

BLP5 : :  -63.2 

SAP5 :  :  1..0 

GAMPS : :  9C.0 
! 0P5 :  :  6.0 

CPS::  1.0 

ENDPLATE  (RT  PANEL)  LIPT  VS  ALTPRS  HAP  ** 

CLP5HP: -.UVP.UVRM  ;HAP  ARGUMENT :  LOOR  UP  ROUTINE 

ALrPPSII  (INPUT  VARIABLE 

CLP5I#  (OUTPUT  variable 

CLP5LO  ; LOW  ANGLE  HAP  NAME 

EXP  -30.0,30.0,5.0  ; LOWER  LIH, UPPER  LIH. DELTA 

CLPSHI  t HIGH  ANGLE  HAP  NAME 

EXP  -90.0,90.0,30.0  ; LOWER  LIH. UPPER  LIH, DELTA 

; LOW  ANGLE  HAP:ALrpPS  -30  TO  30  DEG,  DELTA  -  5  DEG 
CLP5LO:  EXP  -0.65,  -0.93,  -1.01,  -0.91,  -0.65 

EXP  -0.33,  0.0,  0.33,  0.65,  0.91 

EXP  1.01.  0.93,  0.65 

(HIGH  ANGLE  HAP.-ALPPP5  -90  TO  90  DEG,  DELTA  •  13  DEG 
CLP5HI:  EXP  0.0,  -0.33,  -0.65,  0.0,  0.65 

EXP  0.33,  0.0 

}••  ENDPLATE  (RT  PANEL)  DRAG  VS  ALfPPS  HAP  •• 

CDPSHP: :UVRUVRM  (HAP  ARGUMENT : LOOR  UP  ROUTINE 

ALFPR5M  !  INPUT  VARIABLE 

CDP5I4  (OUTPUT  VARIABLE 

CDPSLO  (LOW  ANGLE  HAP  NAME 

EXP  -30.0.30.0,5.0  (LOWER  LIH, UPPER  LIH, DELTA 

CDPSHI  ) HIGH  ANGLE  HAP  NAME 

EXP  -90.0,90.0,15.0  j LOWER  LIH, UPPER  LIH, DELTA 

j LOW  ANGLE  HAP : ALTPP5  -30  TO  30  DEG,  DELTA  -  5  DEG 
CDPSLC :  fXP  0.49,  0.37,  0.29,  0.19,  0.06 

EXP  0.023,  0.013,  0.023,  0.06,  0.19 

EXP  0.29,  0.37,  0.(9 

(HIGH  ANGLE  HA?:ALFPP$  -90  TO  90  DEG,  DELTA  -  30  DEG 
CDP5HI:  EXP  1.20,  1.16,  1.0(,  0.85,  0.4, 

EXP  P.19,  0.013,  0.19,  0.49.  0.85 

EXP  1.04,  1.16,  1.20 

. INPUT  PARAMETER  rOR  ROTOR  INTERFERENCE  ON  TIE  ENDPLATE  15  ( HR  PA ) 

ROTOR  R- FACTOR  ON  ENDPLATE  HAP  •• 

EXP5HP: :BIV|«  ;HAP  ARGUMENT : LOOK  UP  ROUTINE 

EXP  CHIPHRil.AAIFHRK  ; I NPUT  VAR  I ABLE* 1 , INPUT  VARIABLEI2 
EKXPSM  .-OUTPUT  VARIARLE 

EXP1LO  (HAP  NAME 

EXP  0.0,90.0.10.0, *D10  (LOWER  LIH, UPPER  LIH, DELTA, (ITEHS 
EXP  -10.0.10.0.10.0  ; LOWER  LIH. UPPER  LIH. DELTA  -  AAI FHR 

I • •  ROTOR  I-FACTOR  OK  ENDPLATE  HAP  •• 

EIP5MP: :BIV(I  IHAP  ARGUMENT : LOOR  UP  ROUTINE 

EXP  CM IP HR I I , AAI FHR 4 4  (INPUT  VARIARLE41 , INPUT  VARIABLE*! 

EKIPS44  (OUTPUT  VARIABLE 

EZPl LO  (PRIMARY  (BASIC)  HAP  NAME 

EXP  0.0. 90.0.10.0, ‘D10  Jl-OWFR  LIH. UPPER  LI  H,  DELTA, » ITEHS 
EXP  -10.0,10.0,10.0  jLCMER  LIH, UPPER  LIH, DELTA  -  AAlFMR 


(  FUSELAGE  STATION, INCH 

;  WATERLINE  STATION, INCH 

(  BUTTLINE  STATION, INCH  (»IVE  TC  PORT) 

(  SURFACE  AR EA , F T  *  *  2 

,-  PANEL  ORIENTATION, DEG 

;  PANEL  INCIDENCE, DEG 

,-  PANEL  MEAN  AERO  CHORD,  FT 


TABLE  G-l ,  SA-365N  SPECIFIC  FILE  (Coat'd) 


FUSELAGE  1NTERFERNCE  ON  dt  ENDPLATE  IS  (WFPA)  ****** 


QPSHP::  UVRII 

psihni 
QP5QNFI I 
QP5L0 

EXP  -30.0,10.0,5.0 


I**  ENDPLATE  DYNAMIC  PRESSURE  RATIO  MAP** 

;KAP  ARGUMENT : LOOR  UP  ROUTINE 

J INPUT  VARIABLE 

j OUTPUT  VARIABLE 

.•PRIMARY  HAP  NAME 

I  LONER  LIM, UPPER  LIN, DELTA 


EXP 

1.00, 

1.00, 

1.00, 

1.00, 

1.00 

EXP 

1.00, 

1.00, 

1.00, 

0.87, 

0.75 

EXP 

0.65, 

0.57, 

0.52 

INPUT  PARAMETERS  FOR  PANEL  16  ( LT  ENDPLATE ) 


FSP6: 

495.0 

! 

FUSELAGE  STATION, INCH 

WLP6 : 

126.0 

1 

WATERLINE  STATION, INCH 

BLP6 : 

63.2 

1 

BUTTLINE  STATION, INCH  (♦IVE  TO  PORT) 

SAP6: 

10.0 

I 

SURFACE  AREA  FT»*2 

GAMP6 

:  90.0 

1 

PANEL  ORIENTATION, DEG 

1 0P6  : 

6.0 

J 

TAIL  INCIDENCE, DEG 

CP6 ; : 

1.0 

J 

PANEL  MEAN  AERO  CHORD, FT 

CLP6NP: s UVRUVRI I 
ALFPP6II 
CLP6II 
CLPSLO 

EXP  -30.0,30.0,5.0 
CLP5RI 

EXP  -90.0  90.0,30.0 


I**  ENDPLATE  ( LT  PANEL)  LIFT  VS  ALFPP6  RAP  ** 

,**  S-e.O  FT**2 ,  AR-5.5,  4412  INVERTED  AIRFOIL 
{RAP  ARGUMENT: LOOK  UP  ROUTINE 
{ INPUT  VARIABLE 
j OUTPUT  VARIABLE 
{PRIMARY  (BASIC)  RAP  NAME 

S.O  j LOWER  LIMIT,  UPPER  LIHiT , DELTA  -  LOW  ANGLE  RAP 

{SECONDARY  (HIGH  ANGLE)  RAP  NAME 
30.0  {LOWER  LIMIT,  UPPER  LIMIT,  DELTA  -  BI  ANGLE  HAP 


CDP6NP: : UVRUVRI I 

ALFPP6I I 

CDP6II 
CDP  5LO 

EXP  -30.0,30.0,5.0 
CDP5HI 

EXP  -90.0,90.0,15.0 


{•*  ENDPLATE  ( LT  PANEL)  DRAG  VS  ALFPP6  RAP  ** 


;RAP  ARGUMENT: LOOK  UP  ROUTINE 
{INPUT  VARIABLE 
{OUTPUT  VARIABLE 
.•PRIMARY  (BASIC)  RAP  NAME 
{LOWER  LIMIT,  UPPER  LIMIT,  DELTA 
{SECONDARY  (HIGH  ANGLE)  RAP  NAME 
{LOWER  LJ'.IT,  UPPER  LIMIT,  DELTA 


-  LON  ANGLE  RAP 

-  FI  ANGLE  RAP 


INPUT  PARAMETER  FOR  ROTOR  INTERFERENCE  ON  ENDPLATE  16  (NRPA) 


EXP6HP i : CONSTI I 
EXP  EKXP1M 
EKXP6II 


EZP6HP : : CONSTI  I 
EXP  ERZP1II 
ERZP6II 


{••  ROTOR  X-FACTOR  ON  ENDPLATE  RAP  •• 
{RAP  ARGUMENT : LOOR  UP  ROUTINE 
{INPUT  VARIABLE 
{OUTPUT  VARIABLE 

{••  ROTOR  Z- FACTOR  ON  ENDPLATE  RAP  *• 
{RAP  ARGUMENT: LOOR  UP  ROUTINE 
{INPUT  VARIABLE 
{ OUTPUT  VARIABLE 


FUSELAGE  INTERrERNCE  OH  ENDPLATE  16  vWFPA) 


QP6MP: i  UVRII 

PSIWFII 

OP6QWFII 

QPfLO 

EXP  -30.0,30-0,5.0 


{**  ENDPLATE  DYNAMIC  PRESSURE  RATIO  RAP* • 

{RAP  ARGUMENT: LOOR  UP  ROUTINE 

{INPUT  VARIABLE 

{OUTPUT  VARIABLE 

{PRIMARY  (BASIC)  RAP  NAME 

{LOWER  LIMIT,  UPPER  LIMIT,  DELTA 


0P6LO:  EXP 


iPSIWF  -30  TO  30  DEG,  DELTA  -  5  DEG 

0.52,  0.57,  0.65,  0.75, 


305 


HXF 

EXP 


1.00 


TABLE  C-l.  SA-365H  SPECIFIC  PILE  (Cont'd) 

1.00,  1.00,  1.00,  1.00, 

1.00,  1.00,  1.00 

(••»••»  INPUT  PARKATERS  POX  TAIL  f.OTOX  (»E)  -  ( FENESTRON)  •** 

RTR : :  1.805  ;RAOIUS,FT 

OHEG7R: : 383.8  (TRIH  ROTATIONAL  RATE, RAD/SEC  (100*  NR) 

BTR::  11.0  ; ACTUAL  NUMBER  OP  BLADES 

PSTRrs  554.7  { TUSELAGE  STATION, IN 

WLTR :  :  136.1  .-WATERLINE  STATION,  IN 
BLTR;s  0.0  jTUTTLINE  STATION, IN  (+IVE  TO  PORT) 

TWSTTR:  .--13. 2  ;„I.>r>£  TWIST, OATUH  CENTER  Or  ROTATION, OEG 

BIASTR;:  5.87  (BLADE  PITCH  CORRECTION  FOR  N . L.TWI ST( NEC  REDUCES  PITCH) 
GAHTR : :  -90.0  (TAIL  ROTOR  CANT  ANGLE. DEG 

CHROTR : : . 1641  (BLADE  CHORO.PT 
ATR::  5.73  {BLADE  LIFT  CURVE  SLOPE, 1/RAD 

BTLTR : :  .99  {BLADE  TIP  LOSS  FACTOR 

COTR::  0.0  {TAIL  ROTOR  HEAD  ORAG,FT**2  (  GOES  NOWHERE  IN  TRE  ) 

ETR::  0.4889  {RATIO  OF  FAN  TO  HUB  OIAMETERS 

CTHXTR : :0 .0696  (ISOLATEO  FAN  RAX I HUH  THRUST  COEFFICIENT 
CTHNTR: t  —  0.0378  {ISOLATEO  FAN  HINIHUH  THRUST  COEFFICIENT 
TAUDTP. :  ;  0.1  {TIRE  CONSTANT  FOR  LAGGED  TAIL  ROTOR  DOWNVASH 
ORO0TR: : . 0012  {BLADE  SECTION  ORAG  COEFFICIENTS  WHERE: 

ORD1TR: i-0.0169  ;  CO- ORDOTR*ORD1TR*ALPHA+OPD2TR* ALPHA*  *2 

OR02TK:: 0.3096  {  (ALPHA  IS  IN  RAO! ANS ) 

SWRLTR : :  0.0  {1. -INCLUDE  SWIRL  EFFECT,  0. -NEGLECT  IT 

I BTR: :  1.0  {FAN  POLAR  ROHENT  OF  INERTIA  ( SLUGS-FT* *2 ) 

XI NSW;:  0.S  ;  SOiTE  SORT  OF  SWITCH  (SET  TO  0.5  IN  FIFSA.RAC( 67 , 160 | ) 

RAHREC::  0.45  {  PERCENT  RAN  RECOVERY 

SDUCTX:-.  7.785  {  DUCT  EXIT  AREA 

RHU::  0.0  {  FACTOR  ON  THE  HU  EFFECT  IN  BAILEY  COEFFICENTS 

OQTR;:  1.5  {  EQUIVALENT  FLAT  PLATE  RAH  ORAG  IN  FORWARD  FLIGHT ( FT*»2 ) 

I . * . . . 

I 

{  R  C  O  L  H  P  ...  INLET  CENTER  or  LIFT/FAN  RAD  f  RAX  I’JlH 
{ 

RCOLHP :  :UVRM  {  UNIVARIATE  PM  TY;’E 

VTRM  {  INPUT:  VTR ,  FT/SEC 

RCOLM  {  OUT*Uf 

RCOL0  •  LABEL  or  HAP  OATA  START 

EXP  0.0,300.0,100.0  {  LOWER  LIH, UPPER  LIH.OELTA  VTR  RANGE 

: 

I  OATA  rcr.  RCOL  -  *VR(  VTR  ) 

I 

RCOLO;  .P  0.0,  0.75,  .25,  0.75 

I 

. . .  INTLRFERNCE  ON  TAIL  "ROTOR  (RRPA) . 

{••  ROTOR  X- FACTOR  ON  TAIL  ROTOR  HAP  •• 

EXTRHP: : CONST#*  {HAP  ARGUMENT : LOOR  UP  ROUTINE 

ERXP44I  {INPUT  VARIABLE 

CRXTRtt  {OUTPUT  VARIABLE 

IZTRHPi : CONST! ♦  I  RAP  ARGUMENT : LOOR  UP  ROUTINE 

ERZP4I*  (INPUT  VARIABLE 

ERZTRM  (OUTPUT  VARIABI E 

j* .  FUSELAGE  INTERFERENCE  ON  THE  TAIL  ROTOR  ( NFFA )  . 

{••  TAIL  ROTOR  DYNAMIC  PRESSURE  RATIO  HAP  •• 
QTRHP : :  CONST**  {HAP  ARGUMENT : LOOR  UP  ROUTINE 

QP4QWr  (INPUT  VARI.'.B’.  E 

QTRQWPM  (OUTPUT  VARIABLE 

( . VERTICAL  TAIL  XNTERPERENCE  ON  TAIL  ROTOR  INPLOW  *•*••• 


TABLE  C-l.  SA-365N  SPECIFIC  PILE  (Cont'd) 


I**  TAIL  ROTOR  BLOCKAGE  NOT  USEO  FOR  FANTAIL 
VBVTTR : i  0.6  »  AIRSPEEO  BREAK  FT.  -  NO  BLOCKAGE  ABOVE, KT. 

KBVTTR : :  1.0  I  TAIL  ROTOR  BLOCKAGE  COEr.  AT  BOVER 


INPUT  PARAMETERS  TOR  EQUATIONS  Or  NOTION  <»A) 


FSCG: s 

300.0 

WLCC :  : 

140.0 

8LCG:  s 

0.0 

WEIGHT: 

:B750.0 

IX: : 

2444.0 

IY;  : 

15130.0 

IZ:: 

13490.0 

IXZ : : 

726.0 

IYZ:  : 

0.0 

I  FUSELAGE  STATION , OF  C.G..INCH 

I  WATERLINE  STATION  Or  C.G. , INCH 

,  BUTTLINE  STATION  OF  C.G. .INCH  (+IVE  TO  PORT) 

I  AIRCRAFT  CROSS  WEIGHT, LBS. 

;  INERTIA  ABOUT  BODY  X-AXIS , SLUG- FT* *2 
j  INERTIA  ABOUT  BOOY  Y-AXIS , SLUG-FT* *2 
I  INERTIA  ABOUT  BOOY  2-AXIS , SLUG-FT* *2 
|  CROSS  COUPLING  INERTIA, SLUG-FT* *2 


LONGITUDINAL  STICK  POSmON  ~  INCHES 


FLIGHT  TEST 
GenHel 


GW  *  7420  pounds 
Hd-  12660  loot 


ripir*  C-2.  SA- JSiH  Loofltudlnil  Stick  Cerralatloo 


339 


LATERAL  STICK  POSITION  -  Inches 


FLIGHT  TEST 
MiRRORED  FLIGHT  TEST 
GonHel 


GW-7420  pounds 
Hd-12660  feet 


Figure  C-3.  SA-365H  Lateral  Stick  Correlation 
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FLIGHT  TEST 
GenHel 


GW  -  7420  pounds 
Hd  •  12660  feet 


Figure  0-4 .  SA-565H  Collective  Stick  Correlation 


FLIGHTIEST 
MIRRORED  FLIGHT  TEST 
GenHel 


GW-7420  pounds 
Hd-12560  feet 


0  20  40  60  80  100  120  14C  160 

AIRSPEED  -  Knots 


Flfuri  C-5.  SA*365H  Ndil  Correlation 
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MAIN  ROTOR  POWER  REQUIRED  -Slip 


FLIGHT  TEST 
GenHei 


GW  *  7420  pounds 
Hd  -  12660  feet 


900 

800 

700 

600 

500 

400 

300 

0  20  40  60  80  100  120  140  160 

AIRSPEED  -  knots 


Plgur*  C-6.  SA-365M  Kiln  Kotor  ?owr  bqulnd  CorrtUtlao 
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FENESTRON  POWER  REQUIRED 


50  60  70  80  90  100  110  120  130  U0  150 

AIRSPEED  -  knots 


Flgura  C- 7 .  SA-365R  F«M«tron  Fowar  B*quir»d  Correlation 


3n 


-100. M  -to  M  -M  M 


-to.  M  -fe.M  •  to 
•HF*F 


«  m  •  l  ot  M  m  mToc 


Th.m 


Flgur*  C-li.  SA-365H  fUftltf*  Pitching  HomoC  (Up 


3*8 


no 


-too*  -«0.M  ->0.00 o’.  00 

FSIMF 


>0.  so 


tD.OO 


10.00  00.00 


Figure  C- 16 .  SA-363H  Fuselage  tailing  KoMnt  Hap 


1 00.00 


403 


Flgux*  C-20.  SA~ 


HorliooUl  Sublllur  Lift  Hip 


Figure  C-21.  SA-36SN  Horizontal  Stabilizer  Dreg  Kap 
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IB .  00 


'1.00  UK 

CHIPK« 


.00 


rijur* 


.00  UK 


71.00  M 


C-23 .  SA-34SM  KaId  Rotor  Dovwuh  *o  Horizontal 
Stoblllxar  H*p  (r-dl  faction) 


410 


8 


Figura  C-24,  SA-365M  Fuaalaga  Doranwaah  on  Horizontal 

Stablllzar  Nap 
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•-Vo.  oo  -ii.  so  -ij.oo  Too  Toe  (Too  Too  Too  lV.00  Too  Too 

AlFwF 


Flfuri  C-25.  SA-36SN  Dynamic  Fruiuri  btlo  at  Horizontal  Scablllxsr  Map 
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00  30  -fco.oo  -kC  oo  -«o.M  -SoToo  s'.  00 }'l  00  'boo  tfi.OO  ob.oo 


Flgura  C-26.  SA-365K  Vertical  Stabilizer  Lift  Map 


i bo. so 
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Oft 'I  U  I  00  I  00  •  0*0  0»  0 

Cd03 


•,T* 


Flgur*  C-32.  SA-365N  Fan  Shroud  Dr**  K*p 


*1? 


00  IB. 00  It. 00  tb.00  »0. 00  10  00  Ob. 00  Tb.00  Ob. 00  Ob. 00  I  bo  00 

CHIP** 


Flgura  G-33.  SA-365S  Rain  Kotor  Dowovaah  on  Fan  Shroud  Kap  (i-dlractloo) 
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Flgura  C- 34 .  SA-365N  Main  Rotor  Duvwaah  on  Fan  Shroud  Hap  ( r-di Taction) 
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Figure  C- 31 .  SA-365M  [>j 1 1— 1  c  Froaouro  Ratio  oo  Loft  Kndplato  Hap 


425 


APPENDIX  H 


Hi- 28  KgDEL.PA.IA 


The  Mi-28  HAVOC  (Figure  H-l)  is  a  large  attack  helicopter  that  has  been  und 
development  since  1980  by  the  Mil  Design  Bureau  in  the  Soviet  Union.  It  is 
»  very  large  compared  to  Western  attack  helicopters  as  shown  in  the  profile 

comparison  of  Figure  H-2.  Gross  weight  is  estimated  to  be  22,964  pounds  for  a 
typical  ground  attack  mission.  The  main  rotor  is  56  feat  5  inches  in  diameter 
'  and  power  is  supplied  oy  two  Isotov  TV3-117  tuiboshaft  engines  flat-rated  to 

2200  shp  at  2000  meters  (density  altitude  of  6561  feet). 

The  flve-bladed  main  rotor  is  of  conventional  articulated  design  with  an 
estimated  flapping  hinge  offset  of  5.5  percent.  The  rotor  blades  are  of 
composite  construction  employing  cambered  airfoils.  The  four-bladed  tail 
rotor  is  12  feet  7  inches  in  diameter  and  consists  of  two  coaxially -mounted 
two-bladed  teetering  rotors.  These  blades  are  ’scissored"  with  a  35/145 
degree  spacing.  A  small  horizontal  tsll  is  fitted  to  the  top  of  the  vertical 
fin  opposite  the  tail  rotor.  Although  strut-braced,  this  surface  has  an 
actuator  to  provide  limited  incidence  variation. 

The  cockpit  is  a  tandem  configuration  and  is  heavily  armored.  A  30mm  gun  is 
fitted  to  a  chin  turret  under  the  nose.  Stub  wings  protrude  from  the  bottom 
of  the  engine  nacelles  to  provide  for  carriage  of  external  stores. 

The  Cenhel  simulation  model  for  the  Mi-28  was  based  on  several  unclassified 
sources.  First,  numerous  photographs  of  the  aircraft  taken  at  ths  198?  Paris 
Airshev  were  used  to  create  a  three-view  drawing.  This  was  possible  because 
certain  key  dimensions  were  known.  This  provided  the  geometry  fcr  the 
location  of  components  along  with  areas  and  incidences  of  the  aerodynamic 
surfaces.  Second,  the  Soviet  delegates  provided  information  on  weights,  rotor 
speed  and  engine  performance.  Finally,  ether  parameters  were  estimated  using 
existing  Sikorsky  techniques.  For  example,  the  fuselage  aerodynamics  were 
scaled-up  from  Apache  data  as  noted  in  Appendix  M.  Inertias  were  estimated 
using  the  parametric  equations  in  Appendix  C.  Rotor  interference  velocities 
on  fuselage  and  empennage  were  calculated  using  an  existing  Heyson  downwash 
.  program. 


No  flight  test  data  were  available  for  correlation,  but  Ml-28  trim  character¬ 
istics  were  compared  to  those  of  the  UH-60A  and  AH-64A  as  llluatrated  in 
Figures  H-3  to  H-9.  Note  that  the  CenHel  Mi-28  model  employed  the 
’conventional*  direction  for  rotor  rotation,  i.e.,  advancing  blade  on  the 
right  side.  The  actual  aircraft  has  the  opposite  rotation,  so  the  trim  stick 
positions  for  lateral  cyclic  and  pedal  would  be  mirror- imaged  for  the  accual 
helicopter . 
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Tha  dominating  factor  in  the  Mi -28  trim  data  ia  the  small  siza  of  the  hori¬ 
zontal  tail.  In  a  helicopter,  the  horizontal  tall  makes  a  major  contribution 
to  longitudinal  characteristics.  In  addition  to  providing  pitch  stability  and 
pitzh  damping,  the  stabilizer  tends  to  hold  the  fuselage  at  d  level  attitude. 
If  tha  rotor  has  a  strong  hub  moment  capability,  the  torvard  inclination  of 
the  disk  to  provide  propulsive  force  generates  a  strong  nosa  down  pitching 
moment.  If  the  fuselaga  pitches  down  .  j  large  angles,  tne  drag  increases 
significantly  and  Increases  the  required  disk  tilt  even  more.  A  large  hori¬ 
zontal  tail  holds  tha  body  at  a  mora  level  attitude,  but  does  incraase  tha 
bending  moment  on  the  main  rotor  shaft. 

As  noted  earlier,  the  horizontal  tail  on  the  HAVOC  appears  to  be  very  small, 
around  14  square  feet.  The  Sikorsky  design  approach  would  yield  a  tail  of  at 
least  tvica  this  area.  Looking  at  the  pitch  ctcituda  data  of  Figure  H-3,  note 
that  the  Mi- 28  trims  out  at  more  than  ten  degrees  nose- down  at  160  knots  while 
the  BLACK  HAVK  and  Apache  flm  at  minus  four  degrees.  Sikorsky  experience 
indicates  that  a  nose-down  pitch  attitude  of  more  than  five  degrees  is  uncom¬ 
fortable  to  the  pilots. 

The  longitudinal  stick  position  versus  airspeed  is  somewhat  less  forward  than 
the  Apache  and  BLACK  HAVK,  while  the  lateral  stick  is  relatively  well  cen¬ 
tered,  as  expected.  The  increased  drag  caused  by  the  nose- down  attitude  of 
tha  Mi-28  causes  the  gradient  of  collective  stick  position  with  airspeed  to  be 
steeper  at  high  airspeeds  than  the  BLACK  HAVK,  The  increased  power  required 
also  tends  lu  drive  the  simulation  pedal  left  at  high  speeds  (right  on  the 
actual  aircraft)  in  spite  of  the  cambered  vertical  fin.  The  power  required 
comparison  plot  in  Figure  H-9  shows  a  very  steep  rise  at  high  speed  due  to  the 
excasaive  nose-down  attitude. 

Both  the  UH-60A  and  AH-64A  are  equipped  with  stabilators.  The  Mi-28  ia  alao 
fittad  with  e.n  all-moving  tailplane  but  the  configuration  is  unusual.  The 
horizontal  tail  is  mounted  on  top  of  the  vertical  fin  opposite  the  tail  rotor. 
Although  ctrut  braced,  the  tail  can  move  over  a  limited  incidence  range, 
estimated  to  be  plus  or  minus  ten  degrees.  According  to  the  Soviets,  the 
tail  servo  waa  coupled  to  the  longitudinal  stick  and  could  also  ba  manually 
"beeped".  The  variable  incidence  can  compensate  for  the  area  deficiency  to 
some  axtent  and  a  schedule  of  incidence  versus  airspeed  is  shown  in  Figure  54. 
Nota  that  increasing  the  incidence  range  will  not  help  since  the  combination 
of  incidence  and  pitch  attitude  results  in  stall  of  the  tail. 

All  of  tha  numerical  data  used  to  model  the  Ml -28  are  provided  in  this  appen¬ 
dix.  Tabla  H-l  is  a  listing  of  all  the  input  data.  The  second  section 
presents  plots  of  the  map  data  for  fuselage,  vertical  tail,  horizontal  tail 
and  wing/stores  support  aerodynamics  along  with  plots  of  the  rotor  interfer¬ 
ence  and  fuselage  interference  data  (Figures  H-10  through  H-30).  The  tabular 
data  are  provided  with  appropriate  labels.  Map  data  are  identified  with 
CenHel  acronyms  provided  in  tve  List  of  Symbols. 

For  the  Mi-28  model,  the  panel  allocation  was  as  follows: 


1. 

Right  horizontal 

tall 

2. 

Left  horizontal 

tail 

3. 

Vertical  tail 

4  . 

Right  wing/stores  support 

5. 

Left  wing/stores 

support 
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f ****** 

FSHR: : 
WLMR : : 
BLMR: : 
RMR:  : 
OMC.TMR: 
BMR:  : 

I SMR :  : 
ILMR: : 
DELSMR : 
DEL3MR: 
RAFlMR: 
KAF2HR: 
CHDTMR : 
CHORMR: 
OFSTKF: 
EPRLMR : 
KTBDMM: 
IBMR: : 
MBMR : : 

I  RMR: : 

BTLHR : : 

DCDMR:  : 
NBSMR: : 
NSSMR: : 


TWMRMP: 


EXP 

TWMRLO: 


RCTMM: : 
RCMMR: : 
RSLMR: : 
TDwOMR: 
TDKCMR : 
TDWSMR  : 


RBRflR:  : 
RBR.MR: 


AIDMR:  : 
BLDMR :  : 
CLDMR  :  : 
DLDMR :  : 
RLDMR : : 
EGOP-.R: 
TDt.DMR: 


TABLE  H-l.  MI -28  SPECIFIC  FILE  DATA 


INPUT  PARAMETERS  70F  MAIN  ROTOR  NODULES  <«A.) 


400.0 
300.0 
0.0 
28.21 
:  25 . 34 
5.0 
-5.0 
0.0 
-5.0 
0.0 
0.0 
0.0 
2.0 
2.0 
1.552 
6.04 
244.1 
1336.0 
77.08 
943.9 

.97 

.002 

5 

5 


I  FUSELAGE  STATION, INCHES 

j  WATERLINE  STATION , INCHES 

j  bUTTLIHE  STATION. INCHES  (-HVE  TO  PORT) 

I  RADIUS, FT. 

;  TRIM  ROTATIONAL  SPEED , RAD/SEC 
;  ACTUAL  NUMBER  OF  BLADES 

;  LONGITUDINAL  SHAFT  TI LT ,( POS . BACKWARDS ), DEG 
;  LATERAL  SHAFT  TILT ,( POS . STARBOARD ), DEG 
;  SWASHPLATE  PHASE  ANGLE, DEG 
I  FLAPPING  BINGE  OFFSET  ANGLE, DEG. 

I  LAGGING  HINGE  OFFSET  COFF . ( FUNCf  LG) ) 
j  LAGGING  HINGE  OFFSET  COEF . ( FUNC< LG**2 ) ) 
j  BLADE  CHORD  AT  TiP.FT. 

I  BLADE  CHORD  AT  ROOT, FT. 

1  HINGE  OFFSET, T~ . 
j  HINCE  TO  START  OF  BLADE, FT. 

I  HEIGHT  OF  ONE  BLADE , LBS . 

I  BLADE  MOMENT  Or  INERT  !A  ABOUT  HINGE , SLUG-rT««2 
j  BLADE  MASS  MOMENT  ABOUT  HINGE , SLUG-FT 

J  INERTIA  OF  DRIVE  TPAIi:(LESS  2  ENGINES  t  ROTOR  BLADES) 
;  (DUAL  ENGINE  FAILURE'.  SL'JC-FT»»2 
;  BLADE  TIP  CUT  Orr  RATIO 
{  DELTA  DRAG  COET.  FOR  EAC:i  SEGMENT 
;  NUMBER  OF  BLADES  SIMULATED , FIX  POINT 
I  NUMBER  OF  SEGMENTS  S I MULATED , FI X  POINT 


j  ••  MAIN  ROTOR  NON-LINEAR  TWIST  MAP  ( FROM  B/H )  •• 


UVRII 

;HAP  ARGUMENT : LOOR  UP 

ROUTINE 

XSEGMRI 1 

; INPUT  VARIABLE 

TWSTMSII 

{OUTPUT  VARIABLE 

TWMRLO 

{MAP  NAME 

0.0,1.0,0.05 

{LOWER  LIMIT, UPPEJt  LIMIT, DELTA 

EXP  n.00. 

0.00, 

0.00, 

0.00,  -0.15 

EXP  -0.95, 

-1.80, 

-2.75, 

-3.55,  -4.40 

EXP  -5.30, 

-6.15, 

-7.10, 

-7.90,  -8.80 

EXP  -9.65, 

EXP  -10.90 

-10.30, 

-10.75, 

-12.30,  -13.10 

MAIN  MOTOM  DOWNWASH  SUBMODULE 

<«A) . 

1.0 

; 

THRUST  GAIN 

FOR  UNIFORM 

DOWNWASM 

0.0 

i 

PITCH. MOM. GAIN  FOR  DOWNWASH  SIN. HARMONIC 

0 . 0 

i 

ROLL  MOM. GAIN  FOR  D0WNVA31I  COS. HARMONIC 

0.01038 

j 

TIME  CONST. 

FOR  UNIFORM 

DOWNWASM  FILTER, SEC 

-.0.0  J  TIME  CONST. FOR  DOWNWASH  S  IN  .  RAMMON.  F ILTER  ,  SEC 

:  0.0  ;  TIME  CONST. FOR  DOWNWASH  COS . HARMON . FI LTER , SEC 


FLAPPING/LAGGING  DAMPER  CALCULATIONS  (Id 


0.C  ;  FLAPPING  HINGE  SPRING  CONST , PT-LBS/RAD 

:  0 . 0  ;  FLAPPING  HINGE  DAMPER  CONST,  FT-LBS -SEC/RAD 


0.227 
3.242 
12.040 
10.0102 
6.898 
:  7 . 0 
:  17 . 46 1 


I  ••SE”  OF  MOUNTING  DIMENSIONS  FOR  LAG  DAMPER , INCME S** 
1 
; 


! 

i 


,  alignment  offset  in  relation  to  lag, deg 

;  PIXED  BLADE  PITCH  RELATIONSHIP  BET.  AAM  AND  TtCUFF 


TABLE  H-l.  Hi-28  SPECIFIC  FILE  DATA  (Cont'd) 


I  ••  BLACK  1AWK  LAC  0 WIPER  FORCE  VS  LAC  DAMPER  ARM  HATE 


LDHRMP:  tUVSUVSM 

LD.MRM  C  Al  6  ) 
FLD.  MRU  (A16  ) 
LDMRLO 

EXP  0.0, 2. 0,0.1 
LDMRHI 

EXP  2. 0,7. 0,1.0 


[MAP  ARGUMENT: LOOK  UP  ROUTINE 

j INPUT  VARIABLE 

[ OUT PUT  VARIABLE 

(LOW  RANGE  MAP  NAME 

[  LONER  LIMIT, UPPER  LIMIT, DELTA 

[HIGH  RANGE  MAP  NAME 

[LOWER  LIMIT, UPPER  LIMIT, DELTA 


LDMRLO:  EXP 
EXP 
EXP 
EXP 
EXP 


;  LOW  ANCLE  ViP:  LD.MR  0  TO  2.0  ,  DELTA 


0.0, 

490.0, 

1630.0, 

2770.0, 

3410.0 


30.0, 

720.0, 

1860.0, 

2980.0, 


90.0, 

950.0, 

2090.0, 

3200.0, 


160.0, 

1190.0, 

2310.0, 

3310.0, 


.1 

280.0 

1400.0 

2530.0 

3370.0 


j  HIGH  ANCLE  MAP:  LD.MR  2.0  TO  7.0  ,  DELTA-1.0 
LDMRHI:  EXP  3410.0,  3550.0,  3615.0,  3680.0,  3745.0 

EXP  3815.0 


PSWE: : 

WLWr : : 
BLWF: : 
IWF: : 


INPUT  PARAMETERS  TOR  rUSELAGE/WING  ( 4A)  ****** 

MOUNTING  POINT  FOR  MODEL  IN  WIND  TUNNEL . . 

400.0  [  FUSELAGE  STATION, IN. 

205.8  j  WATERLINE  STATION. IN. 

0.0  1  BUTTLINE  STATION, IN.  <*IVE  TO  PORT) 

0.0  [  WING  INCIDENCE, DEG. 


[  ••  MI-28  FUSELAGE  LIFT  (TAIL  OFF)  VS  ALPWF 


LQTMP :  sUVP'JVRM 

ALFWPI4 
LQF 4  I 

LQFLO 

EXP  -30.0,30.0,5.0 
LQFHI 

EXP  -90.0,90.0,10.0 


[MAP  ARGUMENT: LOOK  UP  ROUTINE 
[INPUT  VARIABLE 
[OUTPUT  VARIABLE 
[LOW  ANGLE  MAP  NAME 

[LOWER  LIMIT, UPPER  LIMIT, DELTA- LOW  ANGLE 
[HIGH  ANGLE  MAP  NAME 

[LOWER  LIMIT, UPPER  .LIMIT, DELTA-HIGH  ANGLE 


[  LOW  ANGLE  MAP:  ALrwr  -30  TO  30  ,  DELTA-5 
LQFLO:  EXP  -83.9,  -74.6,  -63.4,  -52.2, 

EXP  -20.5,  -1.9,  22.4,  46.6, 

EXP  1C4.4,  121.2,  132.4 


-37.3 

76.5 


;  HIGH  ANGLE  MAP:  ALFWF  -90  TO  90  ,  DELTA-10 
LQFHI:  EXP  0.0,  -35,4,  -63.4,  -82.1,  -93.3 

EXP  -95.1,  -83.9,  -63.4,  -37.3,  -1.9 

EXP  46.6,  104.4,  132.4,  141.7,  138.0 

EXP  119.4,  53.3,  56.0,  0.0 


[  ••  RI-28  TUSELAGE  DRAG  (TAIL  Orr)  VS  ALFWF 


DQFMP : : B I VB I V|| 

EXP  ALrWFI4,PSIWF44 
DQFI4 

DQFLO 

EXP  -30.0,30.0,5.0,15 
EXP  -20.0,20.0,10.0 
DQFHI 

EXP  -90.0,90.0,10.0,23 
EXP  -20.0.20.0,10.0 


[MAP  ARGUMENT: LOOK  UP  TOUTINE 
[INPUT  VARIABLE  II,  INPUT  VARIABLE  12 
[OUTPUT  VARIABLE 
[LOW  ANGLE  RAP  NAME 

[LOWER  LIMIT, UPPER  LIM I T , DELTA , I  ITEMS 
[LOWER  LIMIT, UPPER  LIM I T , DELTA , P S I WF 
[HIGH  ANGLE  RAP  NAME 

[LOWER  LIMIT, UPPER  LI  MIT , DELTA, 4  ITEMS 
[LOWER  LIMIT, UPPER  LI MIT , DELTA , PSIwr 


;  LOW  ANGLE  RAP:  ALFWF  -30  TO  30,  DELTA- 5 , PS IWF— 2 0  TO  *20 
j  PS  I WF  -  -20 

144.1,  139.0,  133.9,  125.8,  118.7 

115.7,  113.6,  115.7,  118.7,  124.8 


DQFLO:  EXP 

144.1, 

139.0, 

133.9, 

125.8, 

exp 

115.7, 

113.6, 

115.7, 

118.7, 

EXP 

131.9, 

38.08, 

42.09 

1 

KXP 

PS  I WF  -  -10 
133.9, 

125.8, 

109.6, 

91.3, 

TABLE  H-l.  HI -28  SPECIFIC  FILE  DATA  (Cont'd) 


txp 

73.0, 

71.0, 

71.0, 

77.1, 

87.3 

EXP 

105.5, 

121.7, 

133.9 

1 

P5IWP  -  0 

EXP 

123.6, 

111.7, 

88.0, 

68.1, 

56.4 

EXP 

46.6, 

45.0, 

45.0, 

50.9, 

63.1 

EXP 

87.3, 

111.6, 

125.8 

1 

PSIWF  -  +30 

EXP 

133.9, 

125.8, 

109  .6, 

91.3, 

80.2 

EXP 

73.0, 

71.0, 

71.0, 

77.1, 

87.3 

EXP 

105.5, 

121.7, 

133.9 

1 

PSiwr  -  +20 

EXP 

144.1, 

139.0, 

133.9, 

125.8, 

118.7 

EXP 

115.7, 

113.6, 

115.7, 

118.7, 

124.8 

EXP 

131.9, 

138.0, 

142.0 

1 

BIGR  ANCLE  1 

MAP:  ALFWF 

-90  TO  90, 

DELTA  -10  .PSIWF- 

-20  TO  • 

1 

PS  INF  -  -20 

DOrMI :  EXP 

170.4, 

166.4, 

162.3, 

160.3, 

156.2 

EXP 

151.2, 

144.1, 

133.9, 

118.7, 

113.6 

EXP 

iia.7, 

131.9, 

142.0, 

150.1, 

156.2 

EXP 

160.3, 

164.3, 

166.4, 

168.4 

> 

psiwr  -  -10 

EXT 

170.4, 

166.4, 

162.3, 

158.3, 

152.2 

EXP 

145.1, 

133.9, 

109.6, 

80.2, 

71.0 

EXP 

77.1, 

105.5, 

133.9, 

146.1, 

154.2 

EXP 

159.3, 

164.3, 

166.4, 

168.4 

} 

psiwr  -  0 

EXP 

170.4, 

166.4, 

162.3, 

156.2, 

148.1 

EXP 

140.0, 

123.6, 

91.3, 

62.9, 

54.8 

EXP 

58.8, 

91.3, 

125.8, 

143.0, 

152.2 

EXP 

158.3, 

164.3, 

166.4, 

168.4 

i 

fsihf  -  +10 

Exr 

170.4, 

166.4, 

162.3, 

158.3, 

152.2 

Exr 

145.1, 

133.9, 

109.6, 

80.2, 

71.0 

EXP 

77.1, 

105.5, 

133.9, 

146.1, 

154.2 

Exr 

159.3, 

164.3, 

166.4, 

168.4 

i 

fsinf  -  +20 

EXP 

170.4, 

166.4, 

162.3. 

160.3, 

156.2 

EXP 

151.2, 

144.1, 

133.9, 

118.7, 

113.0 

EXP 

118.7, 

131 .9, 

142.0, 

150.1, 

156.2 

EXP 

160.3, 

164.3, 

166.4, 

168.  * 

nQrnr : 


ext 

cxr 


:  UVRUVRI I 
ALrwrtt 
HQTM 
MQFLO 


MI-28  FUSELAGE  r ITCH  MOMENT  (TAIL  Om  "S  ALFWF 
I  MAP  ARGUMENT : LOOK  UF  ROUTINE 
J INPUT  VARIABLE 
jOUTF'JT  VARIABLE 
I  LON  ANCLE  MAP  NAME 


-30.0,30.0,5.0 
MQFH  I 

-90.0,90.0,10.0 


I  LONER  LIMIT, UrrER  L I MI T , OELTA- LON  ANCLE 
I M I  CM  ANCLE  MAT  NAME 

) LOWER  LIMIT, UPfER  LIMIT, OELTA-MCIM  ANCLE 


I  LON  ANCLE  MAf:  ALFNF  -30  TO  30  ,  OELTA-S 


NQrLO;  EXr 

-665.8, 

-633.1, 

-571 .9, 

-447.5, 

-331.8 

EXP 

-222.7, 

-135.3, 

-54.6, 

15.3, 

76.4 

Exr 

135.3, 

189.9, 

240.1 

1  HIGH  ANCLE 

MAr:  ALrwr 

-90  TO  90  . 

OELTA- 10 

tiQrai :  ext 

0.0. 

-207.4, 

-392.9, 

-534.8. 

-622.2 

Exr 

-670.2, 

-665.8, 

-571.9, 

-331.8, 

-135.3 

431 

TABLE  H-l .  Ml-28  SPECIFIC  FILE  DATA  (Cant'd) 


EXP  IS. 3,  135.3,  240.1,  334.0,  355.1 

EXP  327.5,  262.0,  131.0,  0.0 

;  ••  MI-28  FUS2LAGE  SIDE  TORCE  (TAIL  OTT)  VS  PSIWT 
YQTHP: :UVRUVRM  ;MAP  ARGUMENT : LOOK  UP  ROUTINE 

PSIWTM  [INPUT  VARIABLE 

YOril  ; OUTPUT  VARIABLE 

YOTLO  [ LOW  ANGLE  RAP  NAME 

EXP  -30.0,30.0,5.0  [ LOWER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANGLE 

YQTHI  jHIGM  ANGLE  RAP  NAME 

EXP  -90.0,90.0,10.0  ; LOWER  LIMIT, UPPER  LIMIT, DELTA-HGIH  ANGLE 

j  LOW  ANGLE  RAP:  PSIwr  -30  TO  30,  DELTA-5 
YQTLO:  EXP  -125.2,  -108.8,  -89.5,  -67.1,  -44.7 

EXP  -22.4,  0.0,  22.4,  44.7,  67.1 

EXP  89.5,  108.8,  125.1 

I  HIGH  ANGLE  RAP:  PSIWT  -90  TO  90,  DELTA-10 
YQTHI :  EXP  0.0,  -58.2,  -102.3,  -131.2,  -146.1 

EXP  -146.1,  -125.2,  -89.5,  -44.7,  0.0 

EXP  44.7,  89.5,  125.2,  146.1,  146.1 

EXP  135.7,  111.8,  65.6,  0.0 

;  •*  MI-28  TUSELAGE  YAKING  MOMENT  (TAIL  OTT)  VS  PSIWT 
HQTMP: :UYRUVRI»  ; RAP  ARGUMENT : LOOK  UP  ROUTINE 

PSIWTM  [  INPUT  VARIABLE 

NQTM  [OUTPUT  VARIABLE 

NQFLO  [LOW  ANGLE  RAP  NAME 

EXP  -30.0,30.0,5.0  [LOWER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANGLE 

NQTHI  [HIGM  ANGLE  RAP  NAME 

EXP  -90.0,90.0,10.0  [LOWER  LIMIT, UPPER  LIMIT, DELTA-HIGH  ANGLE 


;  LOW  ANGLE  RAP:  PSIWT  -30  TO  30,  DELTA-5 


NQTLO: 

EXP  -890.5, 

803.2, 

-680.9, 

567.5, 

-410.3 

EXP  -218.3, 

-17.5, 

157.1, 

323.0, 

457.5 

EXP  567.5, 

663.5, 

724.6 

[  MIGH  ANGLE  RAP:  PSIWT 

-90  TO  90,  DELTA-10 

NQTHI  : 

EXP  0.0, 

349.2, 

-637.3, 

838.1, 

-942.8 

EXP  -960.3, 

890.5, 

-680.9, 

410.3, 

-17.5 

EXP  323  0, 

567.5, 

724.6, 

803.2, 

768.2 

EXP  663.5, 

488.9, 

261.9, 

0.0 

I . 

ROTOR  INTERFERENCE 

ON  TME  TUSLEAGE  ( MRPA )  * 

;  ••  MI-28  TORE/ATT  M.R . 

DOWNWASH  AT  TUSELAGE 

IXWTMP 

:bIVM 

[RAP  ARGUMENT: LOOT  UP  ROUTINE 

EXP 

CHIPMRM  ,AA1THRM 

[INPUT  VARIABLE41, INPUT 

VAXIABLEI 2 

EKXWTM 

[OUTPUT  VARIABLE 

EXWTLO 

[LOW  ANGL 

E  RAP  NAME 

EXP 

0.0,90.0,10.0,*D10 

[LOW  LIM, UPPER  LIH, DELTA 

-CMIPMR 

EXP 

o 

o 

H 

o 

o 

H 

o 

o 

«-4 

1 

[LOW  LIH, 

UPPER  LIH, DELTA 

-AAl TMR 

[  LOW  ANGLE  RAP 

CHIPMR  0 

TO  90  (DEL-10) 

AA1TMR  -10 

o 

t— 

o 

[  AA1TMR--10 

EXWTLO 

EXP  0.37, 

0.46, 

0.57, 

0.68, 

0.79 

EXP  0.91, 

1.04, 

1.18 

1.32, 

1.32 

;  AA1THR-0 

EXP  0.13, 

0.23, 

0.  34  , 

0.46, 

0.68 

EXP  0.70, 

0.82, 

1.00, 

1.17, 

1.17 

;  AAlTRR-10 

EXP  -0.11, 

-0.01, 

0.10, 

0.22. 

0.  34 

EXP  0.47, 

0.61, 

0.77, 

0.93, 

0.93 
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TARI-P.  H-l.  Mi-28  SPECIFIC  FILE  DATA  (Cont’d) 


I  ••  MI-26  VERTICAL  H.R.  bOWNWASH  AT  FUSELAGE 


EZWFMP: :HIV|| 

EXP  CHIPMRII ,  AAlFMRM 
ERZWFM 

EZWFLO 


;KAP  ARGUMENT : LOOK  UP  ROUTINE 
j INPUT  VARI ABLE* 1. INPUT  VARIABLE* 2 
j OUTPUT  VARIABLE 
; LOW  ANGLE  HAP  NAME 


0.0,90.0, 10.0, *O10  (LOW  LIM, UPPER  LI H, OELTA-CH I PMR 


-10.0,10.0,10.0 


; LOW  LIM, UPPER  LIM, DELTA-AA1FHR 


EZWFLO ; EXP 
EXP 


j  LOW  ANGLE  MAP  CHIPMR  0  TO  90  (OEL-10)  AA1FMR  -10,0,10 
1  AAl FMR*-1 0 


1.11, 

1.04, 

0.6 


1.065, 

1.0, 


(  AAlrMR-0 

1.12, 

1.12, 

0.6 


1.12, 

1.12, 


1.12, 

1.11, 


;  AA1FMR-10 
1.15, 
1.17, 
0.6 


1.15, 

1.16, 


1.15, 

1.16, 


INPUT  PARAMETERS  FOR  PANEL  42  (»A) 


TSP2  : 
WLP2  : 
BLP2  : 
5AP2  : 
GAMP  2 
I0P2: 
CP2:  : 


B25.0 

312.5 

25.6 

14.0 

0.0 

0.0 

1.0 


;  TUSELAGE  STATION, INCH 
;  WATERLINE  STATION, INCH 
I  BUTTLINE  STATION, INCH  (  +  IVE  TO  PORT) 
I  SURTACE  AREA  Or  PANEL, TT**2 
;  PANEL  ORIENTATION,  OEG 
;  PANEL  INCIDENCE, DEG 
j  PANEL  MEAN  AERO  CHORD, TT 


CLP2MP: 


CLP2LO: 


:  UVRLVR# I 
ALF  PP2I I 
CLP244 
CLP2LO 

-30.0,30.0,5.0 

CLP2I1I 

-90. 0,90.0,10. 0 


[MAP  ARGUMENT.-LOOR  UP  ROUTINE 
j INPUT  VARIABLE 
; OUTPUT  VARIABLE 
;LOW  ANGLE  MAP  NAME 

(LOWER  LIMIT, UPPER  LIMIT, DELTA-LOW  ANGLE 
(HIGH  ANGLE  MAP  NAME 

(LOWER  LIMIT, UPPER  LIMIT , DELTA-HIGH  ANGLE 


(  LOW  ANGLE  MAP  ALFPP2  -30  TO  30, DELTA-5 
EXP  -0.80,  -0.87,  -0.93,  -0.88, 

E.1P  -0.29,  0.00,  0.29,  0.58, 

EXP  0.93,  0.87,  0.80 


CLP2HI ; 


(  RIGH  ANGLE  MAP  ALTPP2  -90  TD  90, DELTA-10 


0.00, 

-0.68, 

0.58, 

0.40, 


-0.14, 

-0.80, 

0.93, 

0.28, 


-0.28, 

-0.93, 

0.30, 

0.14, 


CDP2LO: 


;  »•  HORIZONTAL  STABILIZER  ORAG  VS  ALFPP2 


CDP2MP: 


UVRUVRI I 
ALFPP2II 
C DP 2 14 
COP2LO 

-30.0,30.0,5.0 

CDP2HI 

-90.0,90.0,10.0 


(MAP  ARGUMENT : LOOK  UP  ROUTINE 

(INPUT  VARIABLE 

•DUTPUT  VARIABLE 

(LDW  ANGLE  MAP  NAME 

(LDWER  LIMIT, UPPER  LIMIT, DELTA 

(HIGH  ANGLE  MAP  NAME 

(LOWER  LIMIT, UPPER  LIMIT, DELTA 


j  LDW  ANGLE  MAP  ALrPP2  -30  TO  30 , DELTA- S 
EXP  0.343,  0.271,  0.200,  C.lOS, 

EXP  0.020,  0.010,  0.020,  0.050, 

EXP  0.200.  0.271.  0.343 


0.050 

0.105 


TABU  H-l.  Hi-28  SPBCIFIC  F1U  DATA  (Cont'd) 


I  8IGB  ANGLE  HAP  ALFPP2  -90  TO  90, DELTA-10 


CDP2S1 : 

EXP 

1.200, 

1.0S7, 

0.914, 

0.771,  0.629 

EXP 

0.486, 

0.  J43, 

0.200, 

0.0S0,  0.010 

EXP 

0.050, 

0.200, 

0.343, 

0.466,  0.629 

EXP 

0.771, 

0.914, 

1.057, 

1.200 

,*«•*«* 

INPUT 

P  ARAA CTErj 

PC  RCNCE 

i 

••  PORE/APT 

K.R.  DOWNWASH 

AT  RORIZONTAL  TAIL 

EXP2RP : 

: BIVI 4 

(RAP  ARCURENT 

: LOOR  UP 

ROUTINE 

EXP  CHI PKR4 I , AAl FHPM  [INPUT  VARIABLE  II,  INPUT  VARIABLE  12 
ERXP2 1  4  lOUTPUT  VARIABLE 

EXP2L0  J LON  ANGLE  RAP  NAME 


EXP  0.0,90. 0,10.0, ‘D10 

(LOW  LIR 

.UPPER  LIR , DELTA-CHI PRR 

EXP  -10.0,10.0,10.0 

(LOW  LIR 

.UPPER  LIR , DELTA-AA1PKR 

i  LOW  ANGLE  RAP 
(  AA1PRR--10 

CHI PRR 

0  TO  90  (DEL-10;  AA1PRR  -10 

,0.10 

EXP2LO-.  EXP  -0.40, 

-0.46, 

-0.57,  -0.65, 

-0.92 

EXP  1.17, 

1.42, 

1.69,  1.95, 

2.20 

(  AAl PRR- 0 

EXP  -0.45, 

-0.51, 

-0.57,  -0.62, 

-0.66 

EXP  -0.66, 

-0.61 , 

-0.45,  1.76, 

2.00 

(  AAlFHR-1 0 

EXP  -0.43, 

-0.46, 

-0.49,  -0.52, 

-0.54 

EXP  -0.54, 

-0.51, 

-0.44,  -0.31. 

-0.87 

!  ••  VERTICAL  R 

.R.  DOWNWASH  AT  HORIZONTAL  TAIL 

EZP2HP: :BIVII 

(RAP  ARGURENT.-LOOR  UP  ROUTINE 

EXP  CHI  PRR  4  4  .AMPRRI4 

(INPUT  VARIABLE  41,  INPUT  VARIABLE 

12 

ERZP2I4 

(OU1PUT 

VARIABLE 

EZP2LO 

(LOW  ANGLE  RAP  NARE 

EXP  0.0,90.0,10.0, 'D10 

(LOW  LIR 

.UPPER  LIR , DELTA-CRIPRR 

EXP  -10.0,10.0,10.0 

(LOW  LIR 

.UPPER  LIR , DELTA- AAl PRR 

I  LOW  ANGLE  RAP 
;  AAl PRR--1 0 

CHIPHR 

0  TO  90  {DEL-10)  AAlPRR  -10 

,0.10 

EZP2LO : EXP  -0.06, 

0.04, 

0.20,  0.42, 

1.83 

EX*  1.82, 

1.79, 

1.75,  1.69, 

1.65 

;  AA1PRR-0 

EXP  -0.CI, 

0.08, 

0.21,  0.37, 

0.58 

EXP  0.85, 

1.18  , 

1.57,  2.10, 

2.70 

(  AA1PRR-10 

EXP  0.07, 

0.14, 

0.24,  0.35, 

Cr.SO 

EXP  0.68, 

0.91 , 

1.19,  1.54, 

1.90 

FUSELAGE  INTERFERENCE  ON  THE  HORIZ.TAIL  II  (WPFA) 


!••  S-61A  DTNARIC  PRESSURE  RATIO  AT  RORIZONTAL  TAIL 


QF2RP : :UVRI I 

ALrwri i 
0F2owrn 
QP2  LO 

EXf  -30.0,30.0,5.0 


iRAP  ARGURENT : LOOR  UP  ROUTICI 
JINPUT  VARIABLE 
(  OUTPUT  VARIABLE 
(LOW  ANGLE  RAP  NARE 
(LOWER  LIR, UPPER  LIR, DELTA 


QF2LO:  EXP 

EXP 


LOW  ANGLE  RAP 

1.00,  1.00, 

0.10.  0.65, 


ALPWP  -30  TO  30 
1.00,  1.00, 
0.70,  0.85, 


DELTA-5 
0.85,  0.70, 

1.00,  1.00 


0.70 


f  -1 1 A  FUSELAGE  DOWWASM  ON  BORIZ.  TAIL  •• 
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TABLE  tt-1.  Hl-28  SPECIFIC  FILE  DATA  (Cant'd) 


tPP2Kr: :UVRM 

Ainrtt 

EPSP2M 

EPF2L0 

EXP  -30.0,30.0,5.0 


(RAP  ARGURENT! LOOK  UP  ROUTINE 
{INPUT  VARIABLE 
{OUTPUT  VAFI ABLE 
(LOW  ANGLE  HAP  NAHE 
(LOWER  LIR, UPPER  LIF, DELTA 


(  LOW  ANGLE  HAP  ALrwr  -30  TO  30  DELTA-5 
EPP2LO:  EXP  0.0,  -5.0,  -3.0,  -1.0,  1.0,  1.0, 

EXP  1.0,  3.7,  6.4,  9.0,  4.5,  0.0 


1.0 


(••*••*  INPUT  PARAHETEFS  FOR  PANEL  *3  (IA) 


FSP3 : 

790.0 

WLP3: 

:  267.5 

BLP3 ; 

0.0 

SAP  3: 

21. BB 

GAHP3 

::  90.0 

I0P3: 

0.0 

CP3 :  : 

1.0 

FUSELAGE  STATION, INCH 
WATERLINE  STATION, INCH 
BUTTLINE  STATION, INCH 

SURFACE  AREA  Or  PANEL  IT  HOT  INCLUDE  IN  HAP 
PANEL  ORIENTATION,  DEG 
PANEL  INCIDENCE, DEG 
PANEL  HEAN  AFEO  CHORD , FT 


(•*  AH - 6 4 A  VERTICAL  STABILIZER  LIFT  COEFFICIENT  VS  ALrPP3 

S-21.9  rT«*2, ASPECT  RATIO  -1.56,4415  FDD  RODT.4416  TIP  AIRFOIL 


CLP3HP: (UVRUVFI# 

(HAP  AFGUF ENT : LDD K  UP 

RDUTINE 

ALFPF3M 

(INPUT  VARIABLE 

CLP3M 

(OUTPUT  VARIABLE 

CLP3LO 

(LOW  ANGLE  HAP  NAHE 

EXP  -30. 

,0,30.0,5.0 

(LONER  LIHIT, UPPER  LIR IT , DELTA-LOW 

ANGLE 

CLP3K1 

;HIGN  ANGLE  HAP  NAHE 

EXP  -90. 

o 

o 

H 

o 

o 

o 

(LDWEF  LIFIT, UPPER  LI  FI T , DELTA-HIGH 

ANGLE 

;  LON  ANGLE 

HAP  ALFPP3  -30  TO  30, DELTA-5 

CLP3LD : EXP 

-1.06, 

-0.81,  -0.57, 

-0.31, 

-0.05 

EXP 

0.20, 

0.45,  0.71, 

0.97, 

1.19 

EXP 

1.34, 

1.40,  1.34 

;  SIGH  ANGLE  RAP  ALFFP3  -90  TO  90, DELTA-10 

CLP3HI : EXP 

0.00, 

-0.22,  -0.45, 

-0.68, 

-0.90 

EXP 

-1.13, 

-1.06,  -0.57, 

-0.05, 

0.45 

EXP 

0.97, 

1.34,  1.34, 

1.12, 

0.93 

EXP 

0  68, 

0.45,  0.23, 

0.00 

I  ••  AN-64A 

VERTICAL  STABILIZER  DRAG 

COEFFICIENT  VS  ALFPP3 

CDF3HP:  UVRUVFM 

(HAr  AFGUHENT : LOOK  UP 

ROUTINE 

ALFPP3 1 1 

(INPUT  VARIABLE 

CDP3I4 

(DUTPUT  VARIABLE 

CDP3LO 

(LDW  ANGLE  HAF  NAHE 

EXP  -30 

.0,30.0,5.0 

(LOWER  LIHIT, UPPER  LIHIT, DELTA-LOW 

ANGLE 

CDP3HI 

(HIGH  ANGLE  HAP  NAHE 

EXr  -90, 

,0,90.0,10.0 

(LOWER  LIFIT, UPPER  LIHIT, DELTA-HIGH 

ANGLE 

j 

LDW  ANGLE  HAr 

ALrrr3  - 

30  TD  30, DELTA-5 

CDF3SD: 

EXP 

0.559, 

0.505, 

0.310, 

0.180, 

0.130 

Exr 

0.100, 

0.090, 

0.100, 

0.130, 

0.180 

EXP 

0.310, 

0.505, 

0.559 

f 

NIGN  ANGLE  HAP  ALF FP 3 

-90  TD  90 .DELTA- 

10 

CDFiNI  : 

EXP 

1.200, 

1.093, 

0.986. 

0.879, 

0.772 

EXP 

0.665, 

0.559, 

0.310, 

0.130, 

0.090 

EXP 

0.130, 

0.310, 

0.559, 

0.665, 

0.772 

EXP 

0.879, 

0.986, 

1.093, 

1.200 

ROTOR 

INTERFERENCE 

ON  THE  VERTICAL  TAIL  ( HRFA )  . . 

(  ••  ROTOR  EKX-FACTOF  ON  VERTICAL  TAIL  HAF  *• 


EXPIRr : iBIVtl  { HAF  AFGUHEHT ! LOOK  UF  FOUTINE 
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TABLE  H-l .  Mi -28  SPECIFIC  FILE  DATA  (Coat'd) 


EXP  CBIPNRII  , AAlEHRI  I  j  INPUT  VARIABLE  II,  INPUT  VARIABLE  12 
EKXP3I*  (OUTPUT  VARIABLE 

EXP3L0  (LOW  ANCLE  NAP  NANE 

EXP  0.0,90.0,10.0, *D1 0  ; LOW  LIP1, UPPER  LI N , DELTA-CHI PNR 
EXP  -10.0,10.0,10.0  ;LOW  LIN, UPPER  LIH.DELTA-AAlTHR 


!  LOW  ANCLE  NAP  CNI PNR  0  TO  90  (DEL-10)  AA1 PNR  -10,0,10 
;  AAl TNR--1 0 


EXP3LO :  EXP 

-0.41, 

-0 . 52 , 

0.49, 

0.69, 

0.89 

EXP 

1.11, 

1.34, 

1.6C, 

1.85, 

2.20 

EXP 

) 

AAlTNR-0 

-0. so, 

-0.61, 

-0,72, 

-0.83, 

0.S1 

EXP 

0.76, 

1.02, 

1 .  30, 

1.62, 

1.96 

EXP 

1 

AAirNr.-io 

-0.60, 

-0.67, 

-0.74, 

-0.70, 

-0.79. 

-0,83 

EXP 

-0.84, 

-0.80, 

-0.51, 

-0.25 

1  ••  TOTOR  EKZ-I 

EZP3NP: : B I VI | 

EXP  CHIPHRII  ,  AAlrNRM 

'ACTOR  ON  VERTICAL  TAIL  NAP  ** 

NAP  ARGUNENTiLOOK  UP  ROUTINE 

INPUT  VARIABLE  11,  INPUT  VARIABLE 

12 

EKZP3M 

EZP3LO 

EXP  0.0, 90. 0,10.0, ‘D10 

OUTPUT  VARIABLE 

LOW  ANCLE  NAP  NAHE 

LOW  LIN, UPPER  LIN, DELTA 

-CNI PNR 

EXP  -10. 

0 

,10.0,10.0 

LOW  LIN, 

UPPER  LIN, DELTA 

-AA1TNR 

} 

LOW  ANCLE  NAP 

CNI PNR  0 

TO  90  (DEL-10) 

AAlEHR  -10 

,0,10 

EZP3LO : EXP 

i 

AA1TNR--10 

-0.15, 

-0.01, 

1.79, 

1.79, 

1.78 

EXP 

1.76, 

1.74, 

1.71, 

1.65, 

1.60 

EXP 

9 

AAITHR-O 

-0.15, 

-0.05, 

0.12, 

0.35, 

2.01 

EXP 

2. OS, 

2.07, 

2.09, 

2.09, 

2.09 

EXP 

• 

AAlTNR-10 

-0.04, 

0.07, 

0.20, 

0.38, 

0.59 

EXP 

0.8S, 

1.16, 

1.52, 

1.92. 

2.45 

rUSELACE  INTERFERENCE  ON  TNE  VERTICAL  TAIL  (H?S>a)  •»•••• 

BLACK  HAWK  DYNANIC  PRESSURE  PATIO  AT  VERTICAL  TAIL  VS  PSIWf 


OP3NP: : 

BIVII 

;  NAP  ARGUNENT: LOOK  UP  ROUTINE 

EXP 

PSABwm  .ALrvm 

1  INPUT  VARIABLE  11,  INPUI  VARIABLE 

•  2 

OP3Qwr M 

(OUTPUT  VARIABLE 

QP3LO 

(LOW  ANCLE  NAP  NAHE 

EXP 

0.0,30.0,5.0,7 

(LOWER  LIN, UPPER  LIN , DELTA , 1 ITENS 

(PSABWP) 

EXP 

-10.0,10.0,10.0 

(LOWER  LIN, UPPER  LIN, DELTA  ( ALEWP ) 

;  LOW  ANCLE  NAP  PSI(ABS)  0  TO  30  DELTA-5 

;  ALrvr- 

-10  DEG 

QP3LO: 

EXP  0.62, 

0.61,  0.66,  0.72, 

0.79 

EXP  0.88. 

1 . 03 

;ALrwr- 

0  DEC 

EXP  0.62, 

0.64,  0.66,  0.72, 

0.79 

EXP  0.88, 

1.00 

;  ALrwr- 

10  DEC 

EXP  0.62, 

0.64,  0.66,  0.72, 

0.79 

EXP  0.CB, 

1 . 00 

j BLACR  HAWK 

SIDrWASN  ON  VERTICAL  TAIL  VS  PSIWE  DUE  TO  BODY 

•CPlNP: 

: UVSUVS 1 1 

(NAP  ARGUNENT: LOOK  UP  ROUTINE 

psiwrii 

jIMPUT  VARIABLE 
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TABUS  R-l.  Ml -28  SPECIFIC  FIUS  DATA  (Cont'd) 


S1GP3I t 
SGP3L0 

EXP  0.0,30.0,5.0 
SGP3HI 

EXP  0.0,90.0,30.0 


I OUTPUT  VARIABLE 
j  LOW  ANGLE  HAP  HARE 

{LDWER  LINIT,  UPPER  LINIT,  DELTA-LOW  ANGLE 
; HIGH  ANGLE  HAP  HARE 

{ LOWER  LINIT,  UPPER  LIRIT,  DELTA-HIGH  ANGLE 


!  LOW  AHGLE  RAP  PSIHF  0  TO  30  DELTA-5 
SGP3LO:  EXP  0.0,  -0.4,  -0.6,  0.6, 

EXP  0.6,  0.2 

(  HIGH  ANGLE  NAP  PSIWP  0  TO  90  DELTA-30 
SGP3HI:  EXT  0.0,  0.2,  0.0,  0.0 

PAGE 


IHPUT  PARAHETERS  PDR  PANEL  *4  (IA) 


P5P4  : 
NLP  4  : 
BLF 4  : 
5  AP4  : 
GARP4 
I0P4  : 
CP4  ;  : 


417.5  ;  rUSELACE  STATIOH.IHCH 

226.8  i  WATERLIHE  STATIOH.INCH 

-73.6  I  BUTTLINE  STATIOH.IHCH  l+IVE  TO  PORT) 

16,41  ;  SURFACE  AREA  OT  PANEL  IT  HOT  IHCLUDE  1H  RAP 

J  .  0  ;  PANEL  OP.  I  EH  TAT  I  OH  ,  DEG 

10.0  ;  PANEL  INCI DENCE , DEG 

1.0  ;  PANEL  HEAN  AERO  CHORD , PT 

J  ••  AH- IS  WING  LIFT  COEFTICI EHT  vs  ALPPP4 


;  ••  $-16.41 

FT**2  .ASPECT 

RATIO-1. 17, 

CLP4NP: 

:UVRUVAM 

{NAP  LDDK  UP  ROUTINE 

ALPPP444 

{INPUT  VARIABLE 

CLP4I# 

{OUTPUT  VARIABLE 

CLP4LO 

{LOW  ANGLE 

RAF  HARE 

EXP 

-20.0,20.0,2.0 

{LOWER  LIN, 

UPPER  LIN, DELTA 

CLP4KI 

{HIGH  ANGLE 

HAP  HARE 

EXP 

-90.0,90.0,10.0 

{LOWER  LIN, 

UPPER  LIN, DELTA 

{  LOW  ANGLE 

RAP  ALFPP4  -20 

TO  20,  DELTA  - 

2  DEG 

CLP4LO: 

EXP  -1.10, 

-1.16, 

-1.18, 

1.20, 

-1.13 

EXP  -1.00, 

-0.85, 

-0.70, 

0.55, 

-0.35 

EXP  -0.15, 

0.05, 

0.25, 

0.45, 

0.60 

EXP  0.75, 

EXP  0.92 

0.90, 

1.00, 

0.96, 

0.95 

;  HIGH  ANGLE 

RAP  ALPPP4  -90  TD  90  .DELTA 

•  10  DEG 

CLP4H1 : 

EXP  0.00, 

-0.16, 

-0.31, 

0.47, 

-0.63 

EXP  -0.79, 

-0.94  . 

-1.10, 

l.Of , 

0.15 

EXP  0.75, 

0.92, 

0.79, 

0.66, 

0.53 

EXP  0.39, 

0.26. 

0.13, 

0.00 

;  ••  AH- 1 S  WIHC  DRAG  VS  ALPPP4 

CDP4RP: 

(UVRUVRI4 

(RAP  LOOK  UP  ROUTINE 

ALFPP444 

{INPUT  VARIABLE 

CDF  4  4  1 

(OUTPUT  VARIABLE 

CDP4LO 

1 LDW  ANGLE 

RAP  NAHE 

EXP 

-20.0,20.0,2.0 

,-LDWER  LIN, 

UPPER  LIN, DELTA 

CDP4HI 

(HIGH  ANGLE 

RAP  WARE 

EXP 

f 

'O 

o 

o 

o 

o 

*— 

o 

o 

(LOWER  LIN, UPPER  LIR, DELTA 

;  LOW  ANGLE 

RAP  ALPPP4  -20 

TD  20,  DELTA  - 

2  DEG 

CDP4LO: 

EXP  0.164, 

0.134, 

0.105, 

0.075. 

0.046 

EXP  0.016, 

0.013, 

0.011, 

0.P10, 

0.009 

exp  o.ooa, 

0.006, 

L.009. 

0.010, 

0.011 

EXP  0.0J2, 

EXP  0.112 

0.015, 

0.C1J, 

0.050, 

0.061 

;  ■ I GH  ANGLE 

NAP  ALFPP4  -90  TO  90,  DELTA 

-  10  DEG 

CDP4RI : 

EXP  1.200, 

1.052  . 

0.904, 

0.756, 

0.601 

EXP  0.460, 

0.312, 

0.164, 

0.016, 

0  .006 
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TABLE  H- 1 .  Ml-28  SPECIFIC  FILE  BATA  (Cont'd) 


EXP  0.012,  0.112,  0.266,  0.423,  0.578 

EXP  0.734,  0.889,  1.04S,  1.200 


{••••••  INPUT  PARAMETERS  TOR  POTCX  INTER TERENCE  ON  THE  WIGHT  WING 

;  ••  HI-28  PORE/APT  H.R.  DOWNWASH  AT  RIGHT  MING 
EXP4MP: -.BIVI*  (MAP  ARGUMENT  :  LOOK  UP  ROUTINE 

EXP  CHIPHRII, AA1 FHR I I  (INPUT  VARIABLE! 1 , INPUT  VARI ABLE! 2 
ERXP4M  (OUTPUT  VARIABLE 

EXP4LO  (LOW  ANGLE  KAP  NAME 

EXP  0.0, 90. 0,10.0, ‘DIO  (LOW  UH  UPPER  LIH , DELTA-C* IPHR 

EXP  -10.0,10.0,10.0  (LOW  LIH, UPPER  LIH , DELTA-AAlPHR 


(  LOW  ANGLE  HAP 

CHIPHR 

0  TO  90  (DEL-10) 

AA1PKR 

-10,0,10 

(  AA1FHR— 10 

EXP4LO : EXP 

0.33, 

0.42, 

0.52, 

0.63, 

0.74 

EXP 

0.86, 

0.99, 

1.13, 

-0.73, 

-0.73 

(  AA1THR-0 

EXP 

0.10, 

0.20, 

0.30, 

0.41, 

0.53 

EXP 

0.66, 

0.79, 

0.94, 

-0.87, 

-0.87 

;  AA1FHR-10 

EXP 

-0.13, 

-0.03, 

0.07, 

0.18, 

0.30 

EXP 

0.43, 

0.56, 

0.71  , 

-1 • Cl , 

-1.01 

(  ••  HI-28  VERTICAL  H.R.  DOWNWASH  AT  RIGHT  MING 
EIP4HP: : B I VI 1  (HAP  ARGUMENT : LOOP  UP  ROUTINE 

EXP  CHIPHRII .AAIFMAI#  ( I NPUT  VAR I ABLE! 1 . INPUT  VARI ABLEI 2 
ER2P4I!  (OUTPUT  VARIABLE 

E2P4LO  (LON  ANGLE  HAP  NAME 

EXP  0.0, 90. 0,10.0, "D10  (LOW  LIH, UPPER  LIH, DELTA-CBIPHR 
EXP  -10.0,10.0.10.0  (LOW  LIH, UPPER  LIH, OELTA-AA1FHR 


; 

LOW  ANGLE 

HAF  CHIPHR  0  TO  90  (DEL-10)  AA1FHR  -10 

,0,10 

i 

AA1PHR--10 

EZP4LO 

EXP 

1.17, 

1.14,  1.11,  1.08, 

1.05 

EXP 

1.02, 

0.99,  0.95,  0.9S, 

0 .95 

. 

AAlPHR-0 

EXP 

1.21, 

1.20,  1.19,  1.19, 

1.18 

EXP 

1.17, 

1.16,  1.15,  0.91, 

0.91 

AA1FHR-10 

EXP 

1.20, 

1.21,  1.22,  1.24, 

1.26 

EXP 

1.27, 

1.29,  1.31,  0.80, 

0.80 

! . 

FUSELAGE 

INTERFERENCE  ON  THE  RIGHT  WING  'WFPA)  •••••• 

. 

•  ■ 

HI-28  DYNAMIC  PRESSURE  RATIO  AT  RIGHT  WING  VS 

ALrWF 

QP4HP: 

CON5TM 

(HAP  ARGUMENT : LOOP  UP  ROUTINE 

(1.01 

QP4QWPI | 

(OUTPUT  VARIABLE 

( . 

INPUT  PARAMETERS 

FOR  PANEL  4*  (IA)  . 

P5P5: : 

417  .  S 

(  FUSELAGE  STATION, INCH 

WLPS : : 

228.8 

!  WATERLINE  STATION, INCN 

BLF5 : : 

73.5 

1  BUTTLINE  STATION. INCB  (*IVE  TO  FORT) 

•  APS  : : 

16.41 

(  SURFACE  AREA  OF  PANEL  IF  NOT  INCLUDE 

IN  KAP 

GAMPS: : 

0  0 

(  PANEL  ORIENTATION,  DEG 

I  2  P  S  :  : 

10.0 

1  PANEL  INCIDENCE. DEG 

CPS;  : 

1.0 

(  PANEL  MEAN  AERO  CHORD. FT 

438 


TABLE  H-l.  Ml -28  SPECIFIC  FILE  DATA  (Cont'd) 


,  •*  ah-is  left  king  lift  coeff i ci ent  vs  alppps 

,  *•  S-16.41  FT*  • 2  .ASPECT  HATIO-1.17, 


CLPSNP(  (UVRUVRM  {HAP  ARGUNENT ( LOOK  UP  ROUTINE 

ALEPPSII  iINPUT  variable 

CLPSM  {OUTPUT  VARIABLE 

C5.P4LO  ;  LOW  ANGLE  HAP  NANE 

EXP  -20.0,20.0,2.0  {LOWER  LIMIT, UPPEH  LIMIT, DELTA-LOW  ANGLE 

CLP4HI  {HIGH  ANGLE  HAP  NAME 

EXP  -90. 0,9U.  0,10.0  {LOWER  LINIT, UPPER  LI  N7.T,  DELTA-HIGH  ANGLE 

i  ••  AH- 1 S  LETT  WING  ORAG  VS  ALFPP5 
COP SNP:  (UVRUVRM  ;KAP  ARGUNENT : LOOK  UP  ROUTINE 

ALPPFSM  {INPUT  VARIABLE 

COP5M  {OUTPUT  VARIABLE 

CDP4LG  {LOW  ANGLE  HAP  NANE 

EXP  -20.0,20.0,2.0  {LOWER  LINIT. UPPER  I.IHIT.OELTA 

COP4HI  {HIGH  ANGLE  HAP  NAHE 

EXP  -SO. 0,90. 0,10.0  {LOWER  LINIT, UPPER  LINIT, DELTA 

{•»••••  INPUT  PARAMETERS  TOR  ROTOR  INTERFERENCE  ON  THE  LETT  WING 

j  ..  NI-28  rORE/AFT  N.R.  OOWNWASH  AT  LEPT  WING 
EXP5MP-.  (CONST*#  { HAP  ARGUMENT : LOOF  UP  ROUTINE 

EKXF4M  {INPUT  VARIABLE 

EKXP5 I i  {OUTPUT  VARIABLE 

{  **  NI-28  VERTICAL  M.R.  DOWNWASH  AT  LEPT  WING 
EIPSHP: : CONSTM  {HAP  ARGUMENT : LOOK  UP  ROUTINE 

EK2P4M  (INPUT  VARIABLE 

EKZP5M  {OUTPUT  VARIABLE 

{ . FUSELAGE  INTERFERENCE  ON  THP.  LEFT  WING.  (WFPA)  •••••• 

;  ••  NI-28  OYNAHI C  PRESSURE  RATIO  AT  LEFT  WING  VS  ALFWF 
QP5NP: :CONSTII  ;HAP  ARGUMENT : LOOK  UP  ROUTINE 

QP4QWr»l  {INPUT  VARIABLE 

QPSQWr**  {OUTPUT  VARIABLE 

{••••••  INPUT  PARHETERS  FOR  TAIL  ROTOR  18A)  -  (BAILEY) 


RTR :  : 

6.3 

OMEGTR : 

I1I3.5 

OTR:  : 

4.0 

FSTR :  : 

817.5 

WLTR : : 

308 .7 

BLTR: : 

-32.5 

TWSTTR : 

.--10.0 

BIASTR: 

:  1.5 

GAMTR : : 

90.0 

OELJTR: 

:  35 . 0 

OELTTR : 

(.00145 

CNRDTR: 

:  .792 

ATR :  : 

5.873 

BTLTR :  : 

.92 

COTR {  : 

0.0 

I BTR  :  I 

4.0 

DRO0?R( 

(0.0087 

DROITR: 

(-0.021 

OR02TR : 

(0.4 

OROTTR: 

:-1.0 

{RADIUS, FT 

{TRIM  ROTATIONAL  RATE,  RAO/SEC 
; ACTUAL  NUKBER  OF  BLAOES 
(FUSELAGE  STATION, IN 
{WATERLINE  STATION, IN 
{BUTTLINE  STATION, IN  («IVE  TO  PORT) 

( BLAOE  TWIST, OATUN  CENTER  OF  ROTATION, OEG 
{BLAOE  PITCN  CORRECTION  FOR  N.L. TWIST 
{TAIL  RCTOR  CANT  ANGLE, OEG 
{FLAPPING  NINGE  OFFSET  ANGLE. OEG 

{RATE  OF  CHANGE  OF  CONE  ANGLE  WITH  THRUST , OEG/LB 

{BLAOE  CHORD, FT 

{BLADE  LIFT  CURVE  SLOPE, I/RAD 

(BLADE  TIP  LOSS  FACTOR 

(TAIL  ROTOR  NEAD  ORAG, FT* *2 

(T.R. BLADE  SECONO  MOMENT  SLUCS-FT**2 

(T.R.  BLAOE  SECTION  ORAG  COEFF.CD0 

{T.R.  BLADE  SECTION  ORAG  COErF.COl 

{T.R.  BLADE  SECTION  ORAG  COEFF.C02 

{T.R.  ROTATION  «1.0  MEANS  COUNTER  CLOCKWISE 

{  WHEN  VIEWED  FROM  PORV  SIOE 


J 


EXTRRP: 

KXP 


EXP 

EXP 


EXTRLO: 


EZTRHP: 

EXP 


EXP 

EXP 


EZTRLO: 


TABLE  H-l.  Ml-28  SPECIFIC  FILE  DATA  (Cont'd) 


ROTOR  INTERFERNCE  ON  TAIL  KOTO*  (RRPA)  •••••• 

ROTOR  X-f ACTOR  ON  TAIL  ROTOR  RAP  •• 

: B1 VII  IRAP  ARGURENT:LOOR  UP  ROUTINE 

CH IPRRII ,  AA1 FAR! I  J INPUT  VARIABLE  II,  *MPUT  VARIABLE  12 
EKXTRII  ; OUTPUT  VARIABLE 

EXTRLO  J  LOW  ANGLE  RAP  HARE 

0.0,90. 0,10.0, ‘DIO  j LOW  LIR, UPPER  LIR , DELTA-CHI PRR 

-10.0,10.0,10.0  ; LOW  LIR, UPPER  LIR, DELTA-AA1FRR 


1 

1 

LOW  ANGLE  RAP 
AAlfRR  — 10 

CHI PRR 

0  TO  90  (DEL-10) 

AMFRR  -10,0, 

10 

EXP 

-0.41, 

-0.50, 

-0.59, 

-0.6b, 

0.93 

EXP 

1.16, 

1.40. 

1.67, 

1.90, 

2.20 

I 

AAirRR-0 

EXP 

-0.48, 

-0.54, 

-0.60, 

-0.66. 

0.70 

EXP 

-0.70, 

-0.64, 

0.34, 

1.-.*- 

2.30 

» 

AA1MR-3  0 

EXP 

-0.46, 

-0.49, 

-0.52, 

-0.55. 

•0.  57 

EXP 

-0.57, 

-0.54, 

-0.46, 

-0.32,  -0.75 

>** 

ROTOR  Z 

-FACTOR  ON  TAIL 

ROTOR  RAP  •• 

:  B I V 1 1 

;  RAP  ARGUHENT: LOOK  UP  ROUTINE 

CHIPRRII  .AAirnm* 

j INPUT  VARIABLE  11,  INPUT  VARIABLE  12 

ERZTRI 1 

(OUTPUT 

VARIABLE 

EZTRLO 

(LOW  ANGLE  RAP  NARE 

0.0,90.0,10.0, *D10 

(LOW  LIR.UPPEr.  LIR, DELTA 

-CHIPRR 

-10.0, 

10.0,10.0 

(LOW  LIR.UPPER  LIR, DELTA 

-AAlTRR 

1 

LOW  ANCLE  RAP 
AA1FHR— 10 

CNIPHR 

0  TO  90  (DEL-10) 

AA1PRR  -10,0, 

10 

EXP 

-0.C7, 

0  .03, 

0.20, 

0.43, 

1 .  B  4 

EXP 

1.82, 

1.79, 

1.75, 

1.70, 

1.65 

f 

AAirRR-0 

EXP 

-0.02, 

0.07, 

0.21, 

0. 38, 

0.60 

EXP 

0.88, 

1.22, 

1.B3, 

2.11, 

2.25 

> 

AA1TRR-10 

EXP 

0.07, 

0.15, 

0.25, 

0.37. 

0.52 

EXP 

0.71, 

0.95, 

1.24, 

1.59, 

2.11 

440 


TABLE  H-l .  Ml -28  SPECIFIC  FILE  DATA  (Cont'd) 


(•*••••  FUSELAGE  INTERFERENCE  ON  THE  TAIL  ROTOR  (WFPA) 


QTRNP:  : 

CONSTII 

QP3QWr 

QTRQWrl J 

;**  TAIL  ROTOR  OYN.VMIC  PRESSURE  RATIO  MAP  ** 

; MAP  ARGUMENT: LOOR  UP  ROUTINE 
} INPUT  VARIA3LE 
•OUTPUT  VARIABLE 

EPTRMP: 

•.CONSTII 

EPSP2II 

EPSTRII 

BODY  OOWKWASH  ON  TAIL  ROl.'l  MAP  •• 

; MAP  ARGUMENT: LOOR  UP  ROUTINu 
j INPUT  VARIABLE 
; OUTPUT  VARIABLE 

SGTRHP : 

•.CONSTII 

SIGP3II 

SIGTRII 

}**  BGOY  SIOEWASH  ON  TAIL  ROTOR  MAP  •• 
iMAP  ARGUMENT: LOOR  UP  ROUTINE 
; INPUT  VARIABLE 

J OUTPUT  VARIABLE 

t 

INPUT  PARAMETERS 

FOR  EQUATIONS  OF  MOTION  (IB)  «••••• 

T SCG: : 
WLCG : : 
BLCG : : 

400.0 

205.8 

0.0 

1  TUSELAGE  STATION, OF  C . G . , INCH 

j  WATERLINE  STATION  Or  C . G . , INCH 

j  BUTTLINE  STATION  Or  C.G..INCK  (*IVE  TO  PORT 

WEIGHT: 
IX; : 

IY:  : 

11:  : 
IXZ:  : 
IXY  : : 
IYZ  :  : 

: 22984 . 0 

14084.6 

71333.0 

67915.6 

4239.5 

0.0 

0.0 

;  AIRCRAFT  GROSS  WEIGHT, LBS. 
i  INERTIA  ABOUT  BOOY  X-AXIS , SLUG-TT*  *2 
!  INERTIA  ABOUT  BOOY  Y-AXI S , SLUG-TT** 2 
t  INERTIA  ABOUT  BOOY  I-AXI S , SLUG-rT««2 
j  CROSS  COUPLING  I HERTI A , SLUG- FT* *2 

}•*•••  INPUT  PARAMETERS  fOR  NOASE  (  IA) 


Al  SUL 

:  7.0 

A1SLL 

:  - 1  0 . 5 

Bl  SUL 

:  2  0.0 

BISLL 

: - 1 0 .0 

TMOUL 

:  25.9 

tmoll 

9.9 

TMRUL 

:  36.5 

TMRLL 

:  4.5 

!  AlS  UPPER  LIMIT 
;  A I S  LOWER  LIMIT 
;  BIS  UPPER  LIMIT 
;  BIS  LOWER  LIMIT 
;  THET  0  UPPEl  LIMIT 
1  THE.  LOWER  LIMIT 
I  THETT*  UPPER  LIMIT 
;  THETTR  LOWER  LIMIT 


JCAUL:  : 
XALL :  : 
XBUL :  : 
XBLL :  : 
XCUi.:  : 
XCLL:  : 
XPUL :  ; 
XPLL .*  : 


9.0  !  LAT  STICR  UPPER  LIMIT 

0.3  i  LAT  STICR  LOWER  LIMIT 
10.0  i  LONG  STCR  UPPER  LIMIT 
0.0  }  LONG  STCR  LOWER  LIMIT 

12.0  i  COLL  STCR  UPPER  LIMIT 
0.0  J  COLL  STCR  LOWER  LIMIT 
4.  8  |  PEOAL  UPPER  LIMIT 
0.0  J  PEOAL  LOWER  LIMIT 


Figure 


PITCH  AITITUDE  ~  degrees 


. .  Mi-28. 22984  tx 

MI-28,  20000  lbs 
UH-60A,  16825  bs 

—  O—  AH -64 A,  1 4770  bs.  w/  8  HELLFIRE3 


Figure  H-3.  Hl-28  Pitch  Attitude  Coapexleon 
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LONGITUDINAL  STICK  POSITION 


-  MI-28, 22984  bs 

-A*-  MI-28. 20000  bs 
— o—  UH-60A,  16825  bs 


0  20  40  60  80  100  120  140  160 


AIRSPEED  -  knots 


Flgur*  H-4.  Ill -28  Longitudinal  Stick  CoM^arlson 
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Mi-28. 22984  bs 


MI-28.  2000C  bS 
— Q—  UH-60A.  16825  lbs 


0  20  40  60  60  100  120  140  160 


AIRSPEED  -  knots 


Figure  H-5.  Hi-28  Latsrsl  Stick  Co«p*ri«on 


U6 


COLLECTIVE  STICK  POSITION  -  inches 


Mi-28, 22984  lbs 


MI-28, 20000  lbs 
—0—  UH-60A,  16325  fcs 


0  20  40  60  80  100  120  140  160 

AIRSPEED  -  knots 


Figure  H-6.  Hl-28  Collective  Stick  Casper Ison 
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*  6  6 


Ml-28,  22984  lbs 


-  Mi-28. 20000 

•'  UH-60A,  13825  bs 

*•  AH -64 A,  1 4770  tbs.  w/  8  HELLFIRES 


5 


OH — ^ — I — ■  1  ■  I - 1  ■  i  ■  t  ■  I  ■  1 

0  20  40  60  80  100  120  140  160 

AIRSPEED  -  knots 


Flgur*  H-7.  HI  -28  Pe<l«l  C  owy  iri  «oa 
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STABIUVTOR  ANGLE  ~  degrees 


’-100.00 


-00.00  -00.00  IVo.oo 


->0.00 


0.00 
RLf  Mf 


TSToo  oToo  i 


Flguro  H- 11 .  Ki - 28  Fu**l*x«  Life  Mop 
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■4"* 


PS1MF 


Figure  8- 15 .  Ml  -25  Fuaelg*  T airing  HcmoC  Map 
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1-17.  11*21  lain  Bator  Dovnaaah  oo  fu— I  of  lop  (* -direction) 


laaaaaea 

fXssHRBS! 


[aE5B5=S=Sl 


MgggBgBBgBg 

MSSBSSBBBISH 


Flguro  H-20.  Hi -21  Kola  to  tor  Dwwuh 
(x-dlroctloo) 


Horizontal  f  taMllxor  Hop 


Ui 


issssss§5?i 

iBSsSSSSrjfl 


"•  i - 


rifur*  1-22.  11-21  V.rtlcal  ttabillxar  Lift  lap 
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CHlPHfl 


Figure  11*24.  Hi-21  lUid  Kotor  Pwwooh  n  fortical  lublllur  Hep  (x-Klrectloa) 


Figure  1-23.  Ml- 21  Mala  Mo Car 


on  Martlet!  Stablllxar  May  (i-Mlractlaa) 


(too  iVm  A. 00  tfc.oa  iVm  li.oo  373  3.M  3*00 

ChIMA 


•To#  n».*o 


rifur*  H-27.  MI-21  "*ln  Kotor  Dovtafub  on  Toll  Kotor  Mop  (x-diroctlon) 


Figure 


APPENDIX  I 


This  appendix  contains  selected  tine  history  plots  froa  the  AACT  date  that 
vere  analyzed.  These  tlae  histories  represent  ths  cases  where  a  ±3-degres 
firing  window  was  achieved.  Data  provided  era;  « 

S-76A  vs  UH*60A 
Counters  208019  to  208027 

AH- IS  va  OH- 58a 
Counters  302014  to  302019 

AH-64A  va  SA-365N  (AH-64A  turreted  gun) 

Counters  417003  to  417009 

AH- 64 A  va  SA-365N  (AH-64A  fixed  gun) 

Counters  411011  to  411023 

S-76A  va  0H-58A 
Counters  23020  to  23038 

UH-60A  va  OH-58A 
Counters  27026  to  27043 

The  data  presented  shows  the  range  between  the  helicopters  In  aetsr*  and  ths 
aslautn  end  elevation  angles  of  each  helicopter,  as  assn  froa  ths  body  axss  of 
the  other.  Ths  tlae  seals  la  the  tlae  data  recorded  during  ths  encounter. 

This  Is  ths  same  tlae  used  as  a  reference  In  coluan  5.3  of  Table  6.  Ths 
discontinuities  In  ths  angular  data  are  caused  by  160  dsgrss  phase  shifts  to 
keep  ths  angles  within  plus  or  alnus  160  degress. 
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rigurt  I-l .  Timm  History  Dot*.  Countor  208019 


Mgura  I-‘.  TIm  Htatory  Data,  Counear  20C025 


*75 


Flgura  1-3.  Tlaa  History  D*U,  Co-jnlor  20S026 


Pi|ui«  1*4.  TLm  History  Dots,  Countsr 


*77 


Ptguro  1-5.  Timm  History  Data.  Countar  30201* 


*7* 


Pl|un  1-7.  Tla*  History  Data,  Cmattr  30201* 
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482 


4*3 


rigurs 


Figure 


rigun  1-15.  Tfta*  History  Data ,  Cow  tar  411023 


Figura  I -It.  Tim  History  Dots,  Countor  23020 


Plgura  1-17.  TUm  Hlatory  DatJ,  Countar  23021 


*91 


n fur*  1-70.  TLm  littery  Date,  Counter  23032 
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History  Data,  Counter  23037 


496 


Klgur*  1-24.  Timm  History  Dots,  Counter  23038 
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rigur*  1-2 


498 


Mgurs  1-27.  Timm  History  Dots,  Court*  27029 


501 


TIm  RUtory  IkU,  Course  27034 


w: 


Figure  1-30.  TIm  Rlitory  Data,  Course  2703* 


Flgur*  1-31.  TIm  llitorj  D«U,  Counter  27037 


rigur*  1-92.  TLm  History  Do to,  Count* r  27031 


505 
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APPENDIX  J 

AACT  MANEUVER  ANALYSES 


This  appendix  contains  a  aussaiy  of  all  the  AACT  encounters  that  vsrs 
analyzed.  They  are  arranged  by  counter  number  and  are  In  the  sane  order  as 
Table  6.  The  initial  conditions  for  each  of  the  encounters  are  aiumurized  in 
Table  J-l. 


COUNTERS  20BD18  ..--208028 
S-76  Vs  UH-60A 

208018 

The  S-76  performs  a  right  yaw  maneuver  of  242  degrees  in  6  ssconds  from  a  left 
banked  initial  condition.  Although  ths  S-76  did  not  achlsve  a  3-degree  firing 
window,  this  flight  sequence  is  an  intsrsstlng  one  becauss  of  the  high  psrfor- 
manes  maneuver  being  executed. 


208019 

The  3-dsgres  firing  opportunity  of  ths  S-76  wss  achlevsd  during  the  closure  or 
set  up  of  initial  conditions  of  the  flight  sequence  and  not  during  the  maneu¬ 
vering.  The  maneuvering  portion  of  ths  scenario  was  basically  a  tail  chase 
with  the  UH-60A  acquiring  ths  3- degree  firing  opportunity  by  performing  a 
pedal  turn  at  low  airspeed. 

2CB020 

This  scenario  involves  both  helicopters  making  opposite  spiral  turns  at 
different  altitudes  that  produce  dlffsrsncss  in  altitudes  of  from  400  to  700 
fast.  This  dslta  altitude  between  the  two  hellcoptsrs  may  bs  ths  main  reason 
why  thsrs  ars  no  significant  firing  windows. 

208021 

Ths  S-76  performs  a  couple  of  highly  'oanksd  high  rats  turns  and  holds  the  tall 
position  of  ths  UH-60A  for  ths  majority  of  ths  flight  ssquencs. 

208024 

This  scsnarlo  involved  s  tall  chase  with  ths  UH-60A  slowing  down  near  ths  end 
of  the  flight  sequence,  executing  a  high  rats  turn  and  achieving  ths  4.8 
degree  rssultant  firing  opportunity. 


208023 

There  ie  essentially  no  maneuvering  Ir.  this  flight  eequencs  and  ths  3-dsgrss 
firing  window  opportunity  by  ths  S-76  is  accomplished  during  ths  initial 
closure  of  the  two  hellcoptsrs. 
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208026 


After  the  Initial  fly-by  of  the  two  helicopters,  the  S-76  never  Maneuvers  while 
the  UH-60A  turns  and  achieves  the  3 -degree  firing  opportunity. 

208027 

The  two  helicopters  per fora  a  series  of  5-turns  wltn  the  UH-60A  developing  two 
good  firing  opportunities.  One  of  the  firing  opportunities  le  3  degrees  but 
for  only  one  ties  step.  The  other  3 -degree  firing  opportunity  of  the  UH-60A 
was  during  the  closure  of  the  two  helicopters  for  set  up  of  the  Initial 
conditions. 


208028 

After  the  Initial  fly-by,  the  UH-60A  slows  to  14  kte  and  executes  a  190-degree 
high  rate  turn  In  .7  second  to  develop  an  excellent  firing  opportunity  on  the 
S-76.  Although  no  3-degree  firing  windows  are  achieved,  seven  tines  steps 
with  3.6  degrees  In  azlnuth  and  elevation  ctablned  are  achieved. 

COUNTERS  302013  -  302021 
AH-1S  Ve  OH- 58A 

302013 

This  scenario  consists  of  a  sequence  of  several  tall  chases  that  are  separated 
by  S -  turn  Maneuvers.  The  AH- IS  Balntalns  the  greatest  percentage  of  tlae  on 
the  tell  position  of  the  OH-58A. 


302014 

In  this  flight  sequence  Che  two  helicopters  are  In  a  tall  chase  but  the  AH-1S 
Maintains  an  advantage  by  slowing  dovn  and  pedal-turning  to  track  the  OH-S8A 
and  achieving  the  3-degree  firing  opportunity . 

302015 

After  the  Initial  pass  the  OH-56A  slows  down  and  performs  a  pedal-turn  to 
achieve  a  short  firing  window  on  the  right  side  of  the  AH-1S.  The  flight 
sequence  ends  at  these  conditions.  If  the  scenario  had  continued  the  OH-56A 
Might  possibly  have  obtained  a  better  firing  opportunity. 

302017 

In  this  scenario  the  Maneuvering  consists  of  e  tall  chase  with  the  AH-1S 
achieving  the  bast  firing  window  during  the  chase.  The  firing  window  data 
recorded  for  the  OH-5SA  for  this  flight  sequence  occurred  before  the  Initial 

pass . 


302013 


The  AH-1S  maximum  airspeed  in  this  flight  sequence  le  48  knots  and  Is  In  a 
hover  for  the  majority  of  the  scenario.  The  OH-53A  achieves  the  long  2.9- 
second  3-degree  firing  opportunity  because  the  AH-1S  is  In  a  hover.  The  fact 
that  the  OH-58A  achlevee  such  a  successful  firing  opportunity  when  the  AH-1S 
remains  in  a  hover  makes  this  flight  sequence  a  good  control  »est,  but  the 
data  were  not  used  for  scoring. 


302019 

The  3-degree  firing  window  is  achieved  by  the  AH-1S  Immediately  after  the 
acenerlo  beglne  and  before  any  maneuvering  occurs,  thus  It  Is  not  a 
significant  window.  No  other  3-degree  firing  windows  were  achieved. 

302020 

Ip  this  scenario  the  OH-58a  is  approaching  a  hovering  AH-IS.  When  the  OH-58A 
pesees  the  AH- IS,  the  AH-lS  executes  a  eeries  of  pedal  tume  to  track  the 
OH-58A.  Tr.c  maximum  alrLpeed  of  the  OH- ISA  during  this  scenario  Is  41  kte. 

302021 

There  are  eome  erroneous  instrumentetlon  parameters  in  this  scenario  since 
both  helicopters  perform  imporclble  attitude  and  translation  maneuver  combina¬ 
tions  . 


Two  sete  of  engagements  are  dlscuesed  for  the  AH-64A/SA- 365N  combination.  The 
first  eet  (counters  417001  to  417012)  were  the  date  orlglr.eily  provided  by  the 
Army  and  inadvertently  were  those  with  the  AU-64A  simulating  use  of  a  turreted 
gun.  The  eecond  eet  (countere  411009  to  411023)  were  subsequently  provided 
near  the  end  of  the  contract  and  represent  the  AH-64A  using  a  fixed  gun.  For 
completeness,  slrce  both  eets  of  data  were  analyzed,  ell  of  the  scenario*  are 
discussed  below. 


CQUKTERS_ 4 17001  -  4,7012 
AH-64A  Vs  SA-365N 
(AH-64A  in  turreted  gun  mode) 

417001 

The  minimum  firing  windows  listed  occur  at  the  very  beginning  of  the  scenario 
before  the  maneuvering  begins.  During  the  maneuvering,  the  helicopters  are  500 
feet  apart  In  altitude,  which  la  why  there  are  no  good  firing  windows.  The 
maneuvering  flight  sequences  after  the  initial  fly-by  consists  of  turns  and  a 
second  fly-by 
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417003 


This  flight  sequence  Involves  a  fly-by  and  turns  by  both  helicopters.  The 
AH-64A  slows  down  more  than  the  SA-365N  and  executes  a  pedal  turn  to  achieve 
the  3-degree  firing  window. 


417004 

After  the  initial  fly-by,  the  AH-64A  slows  down  and  executes  a  high  rate  turn 
to  achieve  the  advantage  position  behind  the  SA-365N.  Ths  data  file  ends  Just 
when  the  Ali-64A  has  positioned  Itself  -or  a  possibly  good  firing  window. 

417005 

In  this  scenario  both  helicopters  slow  down  after  the  initial  fly-by.  The 
SA-365N  then  performs  e  high  rate  turn  to  achieve  the  3-degree  firing  window. 
The  AH-64A  for  some  reason  does  not  pedal  turn  toward  the  SA-365N;  possibly 
because  it  was  not  within  the  field  of  view  of  the  AH-64A  or  it  was  simulating 
use  of  a  turreted  gun. 


417006 

After  the  initial  pass  of  the  two  helicopters  in  this  scenario  ths  SA-365N 
attempts  an  ascepe  by  running  away  from  '.ha  AH-64A.  The  Ah-64A  follows  and 
achieves  the  3-degree  firing  opportunity  on  the  tail  position  of  ths  ra- 
treating  SA-365N. 


417008 

Beginning  at  time  step  23.5  seconds,  the  translation  data  for  the  SA-365N  is 
erronaoua  since  it  tracks  the  helicopter  reversing  direction  at  constant 
airspeed  and  heading.  The  3 -degree  firing  windows  wers  achieved  before  the 
maneuvering  began  while  the  SA-365N  was  approaching  a  hovering  AH-64A. 

417009 

Ths  SA-365N  achlevae  the  3-degree  firing  window  st  the  beginning  of  the  flight 
sequencs  when,  as  aet  up  in  the  Initial  cr  lltlons,  ths  SA-365N  is  chasing  the 
AH-64A.  During  tha  maneuvering  segment  of  the  scenario  the  AH- 64a  slows  down 
to  sxscute  a  high  rate  turn  but  the  SA-365N  eludes  him  by  maintaining  an 
altitude  advantage. 


417012 

In  this  scenario  ths  AH-64A  tracks  tha  SA-365N,  which  Is  at  a  higher  altitude, 
by  pedal  turning.  Ths  AH-64A  then  accelerates  to  attempt  to  gain  the  tall 
position  on  ths  SA-365N.  Tha  AH-64A  is  unable  to  attain  ths  advantage  posi¬ 
tion  but  the  CA-365N  makes  a  high  rate  turn  and  ends  up  at  the  tail  position 
of  the  AH-64A  but  is  too  high  to  achieve  s  good  firing  window. 


AH- 64A  Vs  SA-365N 
(AH-64A  in  fixed  gun  node) 

411009 

The  initial  conditions  of  this  scenario  position  the  Apache  and  Dauphin  in  a 
head-on  approach  along,  offset  parallel  paths.  After  the  initial  pass,  both 
aircraft  turn  in  on  the  other  ar.d  then  the  SA-365N  slows  down  and  pedal  turns 
on  the  AK-64A.  The  ensuing  oaneuvers  consist  of  S- turns  where  the  Dauphin  has 
the  advantageous  position  sore  often  than  the  Apsche,  but  no  firing 
opportunities  are  recorded. 


411010 

In  this  engageaent,  the  initial  conditions  are  the  same  as  411009.  After  the 
initial  pass,  the  aircraft  again  turn  towards  each  other.  The  C/t-36N  passes 
170  feet  over  the  Apache  and  then  the  two  helicopters  diverge  without  an> 
further  encounters. 


411011 

The  AH-64A  and  SA-365N  approach  each  other  head-on  as  in  411009.  Subsequent 
maneuvering  develops  into  a  series  of  S- turns  and  pedal  turns  by  both  air¬ 
craft.  The  firing  win  low  was  achieved  by  the  Dauphin  after  it  acquired  the 
Apache  with  a  pedal  turn. 


411012 

Similar  initial  conditions  to  411009  stare  this  engagement,  but  the  AH-64A 
gains  more  altitude  as  the  helicopters  turn  into  each  other  after  the  initial 
pass.  The  Apache  slows  as  the  Dauphin  passes  underneath,  and  then  the  AH-64A 
executes  a  pedal  turn  and  pursues  the  SA-365N  for  a  short  tine  until  the 
scenario  ends. 


411013 

After  the  two  helicopters  psss  each  other  on  offset,  parallel  courses,  they 
Cum  in  on  each  other.  The  AH-64/  executes  a  lower  airspeed  pedal  turn  than 
the  SA-365N.  The  firing  wlndowe  were  achieved  as  the  two  helicopters  ap- 
prosched  each  other  with  Che  Dauphin  achieving  its  window  2  seconds  befors  ths 
Apache . 


411014 

Initial  conditions  are  as  in  the  previous  engageaent  where  both  helicopters 
perform  pedsl  turns  towards  aach  ocher  after  the  first  pass.  The  Dsuphin  is 
quicker  in  executing  its  turn  wnile  the  Apsche  stops  turning  before  atrcck 
position  is  reached.  This  suggests  the  AH-64A  msy  have  lost  eight  of  ths 
SA-365N. 
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411.016 


This  engagement  starts  with  both  aircraft  on  a  parallel  course  In  the  same 
direction.  They  then  turn  In  on  each  other  with  the  SA-365N  gaining  an 
altitude  advantage.  The  scenario  then  develops  Into  a  number  of  opposite 
spiral  turns  by  the  two  helicopters  with  200'  to  350- foot  differences  In 
altitude  with  the  Dauphin  maintaining  its  advantage.  This  altitude  offset 
prevents  any  achievement  of  firing  windows. 

411017 

This  encounter  starts  in  the  same  manner  as  411016.  Again,  the  Dauphin  gains 
an  altitude  advantage  during  the  Initial  turn* In.  By  executing  a  sideslipping 
turn,  the  SA-365N  gains  the  tail  position  on  the  AH-64A  for  a  significant 
duration  of  this  sequence . 


411022 

The  two  helicopters  are  initialized  with  the  Apache  on  the  tall  of  the 
Dauphin.  The  AH-64A  gains  altitude  as  the  Dauphin  tries  to  turn-in  on  ics 
attacker.  The  remainder  of  the  encounter  is  a  aeries  of  spiral  turns  and 
pedal  turns  with  neither  aircraft  able  to  get  a  firing  window. 

411023 

This  engagement  starts  out  the  opposite  of  411022,  with  the  SA-365N  on  tha 
tall  of  the  AH-64A.  The  Dauphin  gets  a  firing  window  as  the  Apache  Is  brosd- 
side  to  it,  attempting  to  turn-in  on  the  SA-365N.  The  remainder  of  the 
engagement  la  a  series  of  S- turns  by  both  vehicles. 
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fifflagms  2 .:..-Z303S 

S*76  Ve  OH-58A 


2  3020 

Both  helicopters  achieve  their  first  3-degree  firing  window*  during  the 
Initial  head  on  pass.  The  helicopter*  each  perfona  pedal  turn*  to  achieve  the 
eecond  set  of  3-degree  firing  vlndove.  The  0H-58A  Is  about  1.6  seconds  faster 
In  achieving  thle  eecond  firing  window  th*n  the  S-76. 

23021 

The  first  3-degree  firing  window  by  the  S-76  was  during  the  Initial  approach 
of  ths  two  helicopters.  The  maneuvering  sequence  of  the  scenario  Is  a  series 
of  S- turns  which  ends  In  *.  tight  turn  tall  chase.  The  last  two  3-degree 
firing  windows  achieved  by  the  S-76  were  due  co  It  slowing  down  and  performing 
high  rets  turns. 


23025 

The  S-76  3 -degree  firing  window  wee  achieved  during  the  Initial  approach  of 
the  two  helicopters.  During  the  “fights-on*  maneuvering,  which  consists  of  a 
series  of  S-tume,  no  3-degret  firing  windows  were  scored. 

23026 

By  performing  a  100-degree  pedal  turn,  the  S-76  gains  the  tail  position  on  the 
OH-58A  and  maintains  It  throughout  the  majority  of  the  scenario.  The  3-degree 
firing  window  of  the  S-76  le  achieved  during  the  Initial  approach  of  tha 
flight  sequence. 


23027 

This  scenario  er.de  before  the  two  helicopters  Initially  pats  each  othar. 

23032 

The  S-76  echievee  the  tall  position  on  the  OH-58A  after  the  flret  turn  ol  the 
aaneuvering  eequence  and  maintains  the  advantage  poeltlon  throughout  the 
scenario.  The  maneuver  that  positions  the  S-76  on  the  tail  of  the  OH-5SA  le  a 
•49-degree  banked  left  rum  with  a  162- degree  heeding  change  In  7.9  second! 
performed  at  airspeed  ae  low  at  54  knots. 

23033 

The  S-76  performs  e  high  rate  turn  to  gain  ths  tell  poeltlon  of  the  OH-58A  and 
maintains  It  throughout  the  majority  of  the  scenario.  The  f-76  has  a  number 
of  firing  opportunities  that  are  lees  than  10  degrees  but  none  that  are  lees 
than  3  degrees. 
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23034 


The  S-76  achieve#  lte  3-degree  firing  window  before  the  Initial  paea  of  the 
tow  helicopter#.  The  data  file  end#  shortly  after  the  flrat  fly-by  of  the  two 
helicopter#. 


23035 

The  3-degree  firing  window  by  the  S-76  waa  achieved  before  trftln)  paea  of 
the  two  helicopter#.  The  uneuvering  aequence  coneleted  of  a  couple  of  S-tum 
maneuver#  and  then  the  S-76  gain#  the  tail  poeltlon  of  the  OH-58A  for  about  13 
eaconda  but  le  unable  to  acquire  a  i-degrae  firing  window. 

23037 

In  thla  flight  aequence  the  GH-58A  achieve#  .  a  3-dograe  firing  opportunity 
while  approaching  a  hovering  S-76.  After  the  Initial  paw  the  S-76  turn# 
toward  the  OH-58A  and  the  flight  scenario  ends . 

23038 

Thle  ecenarlo  la  a  little  different  In  that  the  S-76  achlevea  a  3-dagrae 
firing  window  while  the  two  helicopter#  am  at  different  altitudaa.  The  S-76 
enjoyed  the  695  foot  altitude  advantage.  The  3-dagree  firing  window  was 
achieved  by  the  S-76  performing  a  59-knot  average  alrapead,  200-degree  turn  In 
11.4  seconds  to  gain  the  tall  poeltlon  cf  the  OH-58A. 
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COUNTERS  27026  -  27043 
UH-60A  V*  OH-58A 

27026 

The  OH-58A  achieves  the  3-degree  firing  window  before  the  Initial  pass.  After 
the  first  pass  the  two  helicopters  make  S-tums  then  the  UH-60A  out-turns  the 
OH-58A  to  acquire  the  tall  position  of  the  OH-58*  and  maintains  It  throughout 
the  remainder  of  the  scenario,  during  which  tl»  it  scores  a  2- degree  firing 
window. 


27027 

The  OH-58A  scoree  a  3-degree  window  during  the  initial  approach  of  the  two 
helicopters.  The  maneuvering  segment  of  the  scenario  is  a  tall  chase  with  the 
UH-60A  on  the  tail  of  the  OH-^A  throughout  the  flight  sequence.  The  two  3- 
degree  windows  achieved  by  th*.  UH-60A  were  dur'ng  this  tail  chase  aegmant. 

27029 

This  scenario  begins  with  the  UH-60A  on  the  tail  position  of  the  OH-5SA  at  a 
range  of  507  meters.  The  UH-60A  maintains  the  tall  position  on  the  0H-53A 
throughout  the  flight  sequence,  scoring  two  3-degree  firing  opportunities. 
The  maneuvering  consisted  mostly  of  circling  tail  chases  with  a  couple  of  S- 
turns . 


27031 

Both  helicopters  achieve  3-degree  firing  opportunities  before  the  first  pass 
of  the  two  helicopters.  The  UH-60A  has  the  best  firing  opportunities  during 
the  spiral  tail  chases  that  dsvelop  after  the  initial  pass  but  no  3 -degree 
firing  windows  are  achieved  in  the  maneuvering  sequence. 

27033 

In  this  scenario  the  maneuvering  segments  consist  of  alternating  S- turns  and 
tail  chases  with  the  UH-60A  a:hieving  the  tail  position  to  the  OH-S8A  most 
often.  No  3-degree  firing  windows  are  achieved  in  this  flight  scenario  by 
either  aircraft. 


27034 

The  first  of  the  two  3-degree  firing  wlndowe  of  the  UH-60A  on  the  OH-58A  was 
achieved  before  the  initial  pass  of  the  two  helicopters.  The  remainder  of  the 
scenario  was  a  aeries  of  tail  chases,  straight  runs,  and  S- turns  with  the 
UH- 60A  achieving  the  best  firing  opportunities.  Tue  UH-60A  achieves  the 
second  3- degree  firing  window  when  the  OH-58A  performs  a  ravareal  while  the 
UH-60A  is  on  th*  tail  of  the  0H-5BA.  The  OH-56a  achieved  no  firing 
opportunities. 


27035 


Th«  initial  condition*  of  vhia  scenario  hava  the  0H-58A  on  tha  tail  poaition 
of  the  UH-SOA.  A  92-degree  left  bark  by  the  UH-60A  ie  performed  early  in  the 
ar.enario  and  re/eraea  the  pceition  to  where  the  UH-60A  achiovea  the  tail 
position  on  the  DH-58A.  However, no  3-degraa  windows  are  acored  in  this  flight 
aequence . 

27036 

Thia  acanario  conaiata  of  apiral  tail  chaaea  aeparatad  by  an  S-turn.  Y»:a 
0H-60A  acquiraa  the  tail  poaition  of  tha  OH-58A  and  hold*  tha  poaition  through¬ 
out  tha  aajoiity  of  tha  flight  sequence.  Tha  3-dagra*  firing  window  was 
ach'.avad  by  tha  UH-60A  while  on  tho  tail  poaition  of  tha  0H-5CA  which  waa 
performing  a  reversal  at  tha  tia*  of  tha  acora . 

27037 

In  this  scenario  ths  two  helicopters  perforn  S-tume  after  the  initial  fly-by 
that  results  in  the  UH-60A  achieving  the  tail  position  on  the  OH-58A.  The  3- 
degres  firing  window  w as  acquire!  by  ths  UH-60A  during  ths  last  turn  before 
ths  helicoptsrs  broke  froa  their  aaneuvering  sequence. 

27038 

This  scenario  begins  with  the  UH60A  in  a  tail  chase  on  the  OH-58A  and  a^ain- 
taina  tho  advantage  poaition  throughout  ths  scenario.  The  aansuvaring  se¬ 
quence  conaiata  of  a  aerie*  of  S- turns  by  the  0H-58A  in  an  attsnpt  to  deny  the 
UH-60A  a  firing  eolution.  Ths  first  3-degrea  firing  window  by  tho  UH-60A  was 
Bade  during  the  initial  approach  of  the  two  helicopters  while  tha  second  on* 
was  acquired  while  tha  UH-60A  waa  on  tha  tail  of  tha  OH-T8A. 

27041 

The  UH- 30A  achieve*  tha  3-degree  firing  window  before  tha  firat  paaa  of  the 
two  halicoptara.  Tha  initial  pae*  occur*  et  the  second  aark  of  tha  acanar- 
io.  Tha  aarauvaring  aagaant  of  tha  acanario  coitsiata  of  a  spiral  tail  chaae 
with  tha  UH-60A  on  tha  tail  position  of  tha  OH-58A. 

27042 

The  initial  condition  of  thie  scenario  positions  *h«  OK-58A  on  the  tall  of  the 
UH-60A,  tu\d  Che  0H-58A  holds  thia  position  throughout  the  aaneuvering  aaquence 
as  avidei  t  by  tha  ainiaiai  firing  window  resultant  of  i.2  degraar  for  the 
OH-58A  versus  87.9  degrees  for  thn  UH-60A.  No  3-degrae  firing  windows  wnra 
acored. 
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27043 


The  Initial  condition*  of  thi»  scenario  place  the  OH-58A  on  the  tail  position 
of  the  U11-60A.  The  only  maneuvering  ir.  this  scenario  consists  of  the  UH'60A 
making  a  turn  beck  toverd  the  OH-SSA  and  the  subsequent  fly-by.  The  two  3- 
degree  filing  window  achieved  by  QH-58A  were  before  the  UH-60A  made  its  turn 
back  toward  the  OH-58A. 
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TABLE  J-l.  AACT  ENGAGEMENT  INITIAL  CONDITIONS 


COUNTER 

20S018 

208019 

208020 

208021 

208024 

20802S 

208026 

208027 

208028 

302013 

302014 

3C2015 

302017 

302018 

302019 

302020 

302071 

417001 

417003 

417004 

417005 

417006 

417003 


INITIAL  CONDITIONS 

Abe  an  level  attack,  S-76A  bogey 

Abe  an  level  attack,  TJH-60A  bogey 

Abe  an  clinbing  attack,  S-76A  low 

Abaaa  clinbing  attack,  UH-60A  low 

Head-to-head  attack,  80  kta 

Head-to-head  attack,  120  kta 

Head-to-head  attack,  120  kta 

Abean  level  attack,  S-76A  bogey 

Abeaa  level  attack,  UH-60A  bogey 

Head-to-head  attack,  AH-lS  120  kta,  OH-58A  100  kta 

Head-to-head  attack,  60  kta 

Head-to-head  attack.  AH-lS  120  kta,  OH-58A  60  kta 
Abeaa  level  attack,  AH-lS  120  kta,  OH-58A  hover 
Abeaa  level  attack,  AH-lS  hcvar,  0H-58A  100  kta 
NOE,  AH-lS  120  kca ,  OH-58A  hover 
NOE,  AH-lS  hover.  0H-5CA  100  kte 
Tall  chaee 

Head-to-head  attack,  120  kta 
Held- to-haad  attack,  120  kta 
Haad-to-head  attack,  120  kta 
Head- to-haad  attack,  120  kta 
Head- to-haad  attack,  120  kta 

NOE  abeaa  flyover,  AH-64A  hover,  SA-365N  120  kta 
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TABLE  J-l.  AACT  ENGACEXENT  INITIAL  CONDITIONS  (Coat'd) 


COUNTER 


INITIAL  CONDITIONS 


417099 

417G12 

411009 

411010 

411011 

411012 

41101) 

411014 

411016 

411017 

411022 

41102) 

2)020 

2)021 

2)025 

2)026 

2)027 

2)0)2 

2)0)) 

7)0)4 

2)0)5 

2)0)7 

2)0)8 


Tall  chase 

NOE  ab»aa  flyover,  AH-64A  hover,  SA  )65N  120  kts 

Head-to-head  attack,  120  kta 

Head-to-hssd  attack,  120  kta 

Head-to-head  attack,  120  kta 

Head-to-head  attack,  120  ktc 

Head-to-head  attack,  120  kts 

Head-to-head  attack,  120  kts 

SLde-by-alde  attack,  120  kta 

Slde-by-slde  attack,  120  kta 

Tail  chars 

Tall  chase 

Head-to-head  attain 

Head-to-head  attack 

Aft  quarter  attack 

Mean  cllabing  attack,  S-76A  low 

Absaa  dialling  attack,  0H-56A  low 

Tall  cllabing  attack,  S-76  low 

Tall  cllabing  attack,  OH-56A  low 

Aba an  daacsndlng  attack,  S-76A  high 

Abeaa  descending  attack,  0H-5SA  high 

NOE  S-76A  hover,  OH-58A  attack 

NOE  OH -58a  hover.  S-76A  attack 
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TABLE  J-l.  AACT  ENGAGEMENT  INITIAL  CONDITIONS  (Cout'd) 


COUNTER 


INITIAL  CONDITIONS 


27026 

27027 
27029 
27031 

27033 

27034 

27035 

27036 

27037 

27038 

27041 

27042 

27043 


Head- co -head 
Forward  quarter  attack 
Aft  quarter  attack,  OH-58A  bogay 
Tall  quartar  attack,  UH-60A  bogey 
Abacs  cl  tubing  attack,  0H-58A  low 
Tail  cllablng  attack,  UH-6QA  low 
Tall  cllablng  attack,  od-5*A  low 
Abaca  descending  attack,  UH-60A  high 
Abeaa  descending  attack,  OH-58A  high 
Tall  daacerdlng  attack,  UH-60A  high 
NOE  jH-60A  hover,  0H-5EA  attacker 
V-  rtlcal  Jink  In  tall  ch.iaa 
Vartlcal  Jink  In  tall  chase 
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APPENDIX  K 


Ml-26  DESIGN  ANALYSIS 


INTRODUCTION 

The  Mil  Ml-26  (NATO  code  name  HAVOC)  1>  the  latest  Soviet  etteck  helicopter. 
It  le  cleerly  *  nev  design  which  embodies  the  leeaons  leemed  In  Afghanistan, 
much  es  the  UH-60A  end  AH-64A  rsflsct  the  American  experience  In  Vletnea.  In 
1989,  the  HAVOC  ves  shown  st  the  Peris  Air  Show,  both  on  static  display  end  In 
flight  deeons tret lone .  This  represented  an  unusual  circumstance  where  Veetem 
observers  had  a  cloee-up  look  at  a  current,  frontline  Soviet  aircraft.  In  ths 
spirit  of  flainost.  viewers  were  allowed  to  take  photographs  and  the  Soviet 
delegates  were  very  opan  In  their  discussion  of  the  aircraft.  The  helicopter 
has  been  In  developaent  since  I960  with  Its  first  flight  In  1962  and  the  Paris 
vehicle  wee  said  to  be  the  third  developaental  aircraft.  Evidently,  ssrlss 
production  had  not  started  at  that  tlae. 

Sines  a  large  amount  of  Information  on  the  Ml-26  was  available,  It  was  pos¬ 
sible  to  create  a  CenHel  simulation  of  the  aircraft  and  Include  It  in  ths  M/A 
analysis  of  this  report.  Because  of  the  uncertainty  In  some  of  tho  data, 
parametric  variations  ware  also  conducted.  Since  the  HAVOC  le  of  great 
Interest,  a  detailed  technical  description,  design  analysis  and  performance 
evaluation  are  provided  below. 

AIRCRAFT  DESCRIPTION 


The  Ml-26  Is  a  large,  single-rotor  attack  helicopter.  It  follows  ths  conven¬ 
tional  plan  for  such  .rn  aircraft  In  having  a  relatively  narrow  fuselage  with 
tandem  seaclng  for  plis  ‘  and  navigator/gunner  and  In  utilizing  stub  wings/ 
stores  pylons.  Fixed,  tail-wheel  type  landing  gear  ars  fitted  with  a  15 
meter/sscond  (49  f*e*„/second)  sink  speed  capability.  A  detailed  thrss-vlew 
drawing  It  presented  In  Figure  H-l.  The  main  rotor  has  five  blades  while  the 
tall  rotor  uses  four  blades  In  a  scissored  arrangement  like  the  Apachs .  The 
cockpit  Is  well  armored  with  e  tub  of  eteel/ceramlc  armor  and  thick,  armored 
glass.  The  HAVOC  Is  quite  large,  ee  shown  In  ths  profile  In  Figure  H-2  com¬ 
paring  the  Apeche  and  Ml-26.  A  large  10m  turreted  gun  le  fitted  below  the 
noee.  This  lc  a  high  velocity  weapon  and  appears  to  be  the  same  as  that  used 
on  the  BMP-2  armorsd  fighting  vehicle,  SU-25  Frogfoot  ground  attack  aircraft 
and  the  new  2S6  mobile  anti-aircraft  weapon.  Belllsticallv,  the  Soviet  30m 
round  le  similar  to  the  30am  round  used  on  the  U.S.  Air  Force  A-10  ground 
attack  aircraft.  This  Is  significantly  more  potent  than  any  other  attack 
helicopter  weapon,  Ircludlng  the  low-velocity  30m  chain  gun  on  the  AH-64A. 
Looking  at  chs  major  components,  a  descriptive  breakdown  le  ee  followe: 


Main  Rotor 


Diameter 

Chord 

No.  of  Blades 
Hinge  Of fast 
Tip  Speed 
Solidity 
Twist 


56.42  feet 
2.0  feet 
5 

5.5  percent 
715  fp» 

C  .112 

-4  degrees  (spar) 
-10  degrees  (blade) 
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lall  RoCor 


Fuselage 


Shaft  Incidence 

Delta-3 

Rotation 


S  degree*  forward 
0  degreee 

Advancing  blade  on  left  aide 


Rotor  Head  -  Well  flnlehad  hub  end  spoke  tltenlua 
head  with  bled*  yokes  attached  via  elaetoaerlc, 
•pherical  bearing*.  Conventional  hydraulic  lag 
diuaper*  with  Individual  raeervolra.  Design 
elallar  to  Slkoraky  alastoaerlc  hub  for  CH-S3D. 


Rotor  Blades  -  Fllaaent-wound  fiberglass  D-spar 
with  coapoelt*  blade  pockets  approximately  24 
Inches  wide.  Metal  grips  and  convsntlonal  fssth* 
•  ring  bearings.  The  tip  outbosrd  of  98  percent 
radius  has  a  leading  edge  sweep  of  32  degrees. 
Since  the  trailing  edge  la  straight,  thle  gen¬ 
erate*  quarter-chord  sweep  as  well  as  taper. 
Modern,  canbered  airfoils  are  used. 


Type 

Diane ter 
Chord 

Mo.  of  Blades 
Hlngt  Offset 
Tip  Speed 
Solidity 
Twist 


Pusher 
12.6  feet 
0.792  foot 
4 

0  (tattering) 

713  fpe  (estimated) 
0.160 

•10  degrees 


Rotor  Heads  -  Two  teetering  hubs,  independently 
aounted  with  alastoaerlc  snubbers.  Little  delta-3 
noted. 


Rotor  Blsdea  -  Full  composite  blades  with  aaral 
grips  end  conventional  feathering  bearings. 


Length 

Uldth 

Height 

Length  Overall 

Surface  Areas: 

Wing 
H.  Tell 
V.  Tell 


55. J  feet 

18.4  feet  (engines) 

9.7  feet  (baa  lc  fuselage) 
13.7  feet  (to  rotor  heed) 

69.4  feet  (rotor*  turning) 


32.8  square  feet 
14.0  square  feet 

21.9  square  feet 


Construction  •  The  fuselage  le  of  conventional 
•lualnua  seai-aonocoque  design.  The  cockpit  and 
other  important  areas  ere  protected  by  tltenlua/ 
ceraalc  armor  plate.  Cockpit  transparencies  are 
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Engines 


Weapons 


one -Inch  thick  with  the  characteristic  groen  tint 
of  Soviet  armored  glass. 

The  wing,  horizontal  tall  and  vertical  tall  are  of 
nixed  construction.  They  have  aluminum  torolon 
box  spars  with  composite  leading  and  trailing 
edges.  The  wing  Is  a  stores  support  with  four 
hardpolnts  and  Is  attached  to  the  hottom  of  the 
engine  nacelles.  The  vertical  fin  has  36  degrees 
of  leading  edge  sweep.  The  horizontal  tall  Is 
clearly  too  snail,  with  an  area  of  only  14  square 
feet.  The  stabilizer  does  have  United  variable 
Incidence  even  though  It  Is  strut-braced. 


Type 


Isotov  TV3-117  turboshaft 
(free  power  turbine) 


Configuration  Rear  Drive 


Ratings 
2000  Heters 
SLS 


2200  shp 

2650  shp  (T700  lapee  rate) 


The  TV3-117  Is  assumably  a  developnent  of  the 
TV2-117  used  on  the  Hl-8  and  Ml-24  Hind.  If  It  Is 
flat  rated  to  2200  shp  at  2000  neters  (6600  feet) 
then  the  sea  level  rating  would  heve  to  be  about 
2650  shp.  This  Is  a  very  significant  Increase 
over  the  1700  shp  of  the  TV2 .  The  TV3  nay  be 
closer  to  the  TV7-117  front  drive  engine  being 
developed  for  the  civil  hi -38  which  has  a  3200  shp 
rating.  A  rudlnentary  Infrared  suppression  systen 
Is  fitted  to  the  engine.  This  conrlsts  of  a 
downward  facing  exhaust  duct  that  is  trifurcated. 
Inlets  on  the  side  of  the  engne  nacelle  allow 
cooling  air  to  flow  between  these  exhaust  ducts. 
This  eyeten  would  work  In  forward  flight,  but  It 
would  not  be  very  effective  in  hover. 


Turreted  Cun  -  The  30m  gun  Is  the  2A42  unit  fron 
tha  BMP-2  armored  fighting  vehicle.  Two  rates  of 
firs  are  available,  300  rpn  and  900  rpn. 

Ammunition  Is  carried  In  two  150 -round  boxes  on 
each  side  of  the  gun  mount  on  the  turret.  Muzzle 
velocity  is  estimated  to  be  3200  fps  Range  of 
turret  motion  Is  ±110  degrees  In  azimuth  -40  and 
+1?  degrees  In  elevation.  Turret  trunnions  and 
movat  ring  structure  are  magnesium. 
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Wing  Stores  -  Four  vat  hardpolnts  ara  available  on 
the  wing,  tvo  per  aide.  Pylona  are  rated  at  500 
Kg  each,  even  the  outboard  etatlor.a.  Typical  war 
load  of  16  AT-6  (NATO  coda  naae  Spiral)  anti-tank 
aistlles  lr«  tvo  eight-round  packa  on  tha  outboard 
pylona  and  40  260na  rockata  In  tvo  20 -round  poda 
on  tha  Inboard  atatlons. 

Avlonlca  *  Extensive  KEP  for  a  Sovlat  aircraft.  Parla 

vehicle  vaa  “cleansed*  for  export.  Baalc  ayataaa 
Include  a  nose  radoae  for  alislle  guidance  and 
aide  blisters  for  IP.  and  TV  search  and  track 
equlpaent  (but  not  used  for  pllctage).  Optical 
veapons  sight  and  laser  range  finder  In  double- 
glazed  nose  turret  above  the  (?m.  Avionics  turret 
azimuth  range  ±110  degress  to  Batch  gun  turret. 
Typical  UHF/VHF  NAV/CGM  and  IFF  equipment. 
Provisions  for  radar  warning  gear  and  chaff  and 
flare  dlapensara. 

Crashworthiness  •  Dual  stroke  landing  gear  designed  to  49  feet-per- 

second. 

Stroking  pilot  seats  designed  for  17  g'e. 

Pyrotechnic  oystea  activated  by  Impact  to  tighten 
shoulder  straps,  snap  cyclic  stick  forward  and 
open  doors. 

Bailout  Provisions  -  Unlike  Western  helicopters,  the  Hl-26  has  sxtan- 

slve  bailout  provisions.  These  are  manually 
activated  by  a  D-rlng  under  the  seat.  On  activa¬ 
tion,  the  aft-hinged  doors  ars  opened,  the  sntlrs 
stub  wing  asseablles  ara  jettisoned,  and  bags 
under  the  doors  are  inflated  to  protect  the  craw 
froa  striking  the  fuse lags. 

DESIGN  ANALYSIS 

The  Hl-26  le  not  aerely  a  skinny  fuselage  version  of  ths  Hind,  but  clearly  a 
new  design.  It  represents  a  aajor  step  forward  In  ths  arsas  of  survivability 
and  ssnsor  syataas  while  maintaining  classic  Soviet  virtues  of  simplicity  and 
robustness.  This  design  brings  the  Soviets  up  to  ths  wsstem  standards  of  ths 
bLACK  HAWK  and  Apache,  but  Is  clsarly  still  a  generation  bahlnd  In  tsrvs  of 
ths  Mission  Equipment  Package  (HEP)  and  low  observablss.  Ths  HAVOC  Is  cer¬ 
tainly  large  and  powerful,  but  ths  very  sirs  which  enables  It  to  carry  a 
formidable  war  load  also  hinders  Its  aanauvsrablllty  and  agility.  Ths  sffact 
of  Stlngsr  aieelles  on  tha  Kl-24s  In  Afghanistan  was  obviously  traumatic  to 
the  attack  helicopter  comnlty.  The  HAVOC  then  is  ths  result  of  these 
lssaons  lsaroed.  Looking  at  ths  design  wore  closely,  we  sse  ths  following 
features: 
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Main  rotor  -  The  msin  rotor  is  a  thoroughly  modem  design  with  elastomeric 
hearings  and  composite  blades.  Use  of  a  5.5-percent  hinge-cffset  shows  a 
clesr  acknowledgement  of  the  need  for  increased  maneuverability ,  as  does  the 
use  of  five  blades.  Rotor  sirfoils  are  modem,  high  camber  types  assumed  to 
be  equivalent  to  Sikorsky  SC1095  in  performance. 

Tall  rotor  -  The  original  Hi-28  aircraft  were  fitted  with  a  three-bladed  tail 
lotor  but  the  Psris  Air  S.now  HAVOC  had  a  four-’oladed  unit.  The  three-bladed 
unit  would  clesrly  be  inadequate  based  on  Sikorsky  standards  while  the  four- 
blade  unit  is  better  but  still  marginal.  Adding  an  extra  blade  to  che  tail 
rotor  is  difficult  since  the  increased  hub  moment  causes  a  need  to  beef-up  the 
gearbox  and  its  attachments.  The  HAVOC  designers  have  clearly  solved  this 
problem  by  fitting  two  teetering  rotors.  This  increases  the  tail  rotor 
effectiveness  (by  adding  an  extra  blade)  while  reducing  gearbox  loads  (by 
using  teetering  hubs).  In  addition,  the  scissoring  of  the  rotors  by  an 
extreme  35/145  degrees  sllovs  for  use  of  a  slightly  modified  pitch  change 
mechanism  while  deriving  some  acoustic  henefits  like  the  AH-64A. 

Engines  -  The  lsotov  TV3-117  are  probably  upgraded  versions  of  the  TV2,  but 
are  still  rear  drive.  The  large  30mm  gun  turret,  armored  cockpit  and  nose 
sensors  must  present  a  significant  center-of-gravity  problem  in  the  design. 
Location  of  the  engines  alongside  the  main  gearbox  is  a  good  design  solution. 
It  separates  the  engines  and  improves  survivsbility  since  it  is  unlikely  one 
round  could  disable  both  engines.  (A  similar  layout  is  used  on  the  UH-60A  and 
AH-64A).  In  addition,  the  sft  location  helps  with  the  c.g.  problem.  However, 
the  engines  now  require  135-degree  tail  gearboxes  to  route  the  power  forward 
to  the  main  gearbox.  This  adds  clutter  to  the  aft  end  of  the  gearbox  which 
already  has  a  tail  rotor  driveshaft.  The  Soviet  designers  indicated  that  they 
would  very  much  like  to  have  had  front-drive  turboshaft  engines.  Infrsred 
(IR)  suppression  is  provided  by  downward  facing  exhaust  ducts  that  have 
external  rsm  air  inlets.  The  outlet  is  trifurcated  to  provide  mixing.  The 
Soviet  delegates  indicated  that  they  had  looked  at  both  upward  and  downward 
facing  ducts.  U.S.  experience  is  that  upward  facing  ducts  bathe  the  blade 
roots  in  hot  air  and  can  have  a  noticeable  negative  impact  on  periormance. 
Since  the  HAVOC  system  uses  ram  air,  It  would  not  be  very  effective  at  low 
■peed.  This  appears  to  be  a  very  primitive  IR  suppression  approach  compared 
to  uie  HIRSS  of  the  UH-60A  and  the  'Black  Hole*  of  the  AH-64A. 

Airframe  -  The  HAVOC  airframe  is  of  both  conventional  design  and  configura¬ 
tion.  The  choice  of  tail -wheel -type  landing  gear  (as  opposed  to  the  tricycle 
gear  of  the  Hind)  mirrors  the  American  preference  for  this  configuration  for 
Army  aircraft.  The  Ml-28  was  designed  to  carry  an  extensive  let  of  sensor*  in 
the  nose,  showing  that  the  Soviets  continue  to  make  progress  in  the  HEP  area. 
The  30mm  gun  is  very  large  and  presumably  heavy,  although  some  of  the  struc¬ 
ture  evidently  uses  magnesium.  While  not  the  first  choice  of  an  aircraft 
designer,  the  commonality  of  the  2A42  Is  certainly  desirable.  The  heavy  r.oie 
gun,  extensive  sensor  set.  and  substantial  cockpit  armor  plate  must  generata  a 
significant  forward  center-of-gravity  problem.  Aft  mounting  of  the  angines 
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clearly  Improves  this  condition,  but  la  very  clumsy  with  rear-drive  turbo¬ 
shaft.  Several  other  Interesting  features  are  evident,  like  the  Individual, 
afc-hlnged  doors  for  the  cockpit  and  the  separate  tall  compartment.  This 
unventilated  space,  without  windows,  seems  a  direct  result  of  Afghanistan 
experience.  It  allows  downed  helicopter  crew  to  be  rescued  by  their  comrades. 

IntCi estlngly ,  the  Hinds  were  updated  (in  the  D  versions  and  after)  to  move 
the  o-l  1  rctor  to  the  port  side  of  the  fin  and  make  it  Into  a  tractor  while 
the  HAVOC  ret-lns  a  starboard-side  puiher  configuration.  Attempts  to  make  tha  • 

nose  as  short  as  possible  has  led  to  the  pilot's  seat  being  In  very  close 
proximity  to  the  rotor.  It  is  not  obvious  If  this  would  restrict  maneuvera¬ 
bility  by  restricting  flapping  limits. 

The  horizontal  tall  Is  only  about  14  square  feet  In  area  and  appaars  to  ba  too 
small  by  Sikorsky  standards.  The  Sikorsky  S-61  (H-3)  of  a  similar  slza 
started  wl.h  a  20-square-foot  tall  and  was  upgraded  to  s  2 7- square -foot  unit. 

The  Ml-28  designers  have  probably  already  encountered  tills  problem,  The  HAVOC 
stabilizer  has  a  limited  range  of  Incidence  travel  (+10  degrees)  which  appears 
to  be  linked  to  the  longitudinal  stick  end  also  manually  beeped.  The  first 
function  is  used  to  help  trim  pitch  attitude  In  forward  flight  while*  the 
socond  aide;  In  targeting. 

A  performance  evaluation  of  the  Ml-28  was  conductad  using  existing  Sikorsky 
methodology.  Where  empirical  correction  factors  were  needed,  those  of  the 
UH-60A  were  employed  since  the  HAVOC  Is  assumed  to  have  a  similar  technology 
level.  The  performance  evaluation  coverod  the  fallowing  areas: 

1)  Estimated  power  capability  of  the  Isotov  TV3-117  engines. 

2)  Estimated  weight  breakdown  based  on  Sikorsky  parametric  2nd  Informa¬ 
tion  from  the  Soviets. 

3)  OGE  hover  gross  weight  capability  for  various  altltudes/teapera- 
tures . 

4)  Effect  of  ground  proximity  on  hover  CV  capability. 

5)  Estimates  of  power  required  versus  airspeed  for  different  gross 
weights  and  density  altitudes. 

While  rhis  performance  evaluation  Is  certainly  not  all  lnclualve,  it  doas  give 
e  picture  of  the  HAVOC'S  cepsbl llties . 

Power  Available  -  Power  available  data  ere  summarized  In  Table  K-l.  This  shows 
the  total  power  available  (two  engines)  as  a  function  of  prsssure  altitude  and 
temperature.  Three  cases  era  presented.  The  first  assumes  the  engines  are 
flat  rated  to  2700  shp  at  2000  enters  (6562  fert).  Using  T700  engine  lapse 
rates,  calculations  show  a  capability  of  2650  shp  for  sea  levsl  standard  (SLS) 
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conditions.  This  is  s  very  significant  growth  over  the  1700  shp  of  tits 
TV2-117.  Case  2  shows  the  same  data  for  an  engine  with  a  2200  shp  SLS  rating. 
Case  3  is  the  sane  as  Case  1  except  that  a  4400  shp  main  gearbox  (HGB)  limits 
has  been  imposed. 

Weight  Breakdown  *  An  estimated  weight  breakdown  for  the  Hi-28  is  provided  in 
Table  K-2.  Two  configurations  are  presented,  one  for  an  eir- to-ground  mission 
typical  of  the  HAVOC  and  the  other  for  a  hypothetical  air-to-air  mission.  The 
empty  weight  of  15,470  pounds  is  derived  from  Sikorsky  parametric  data  and 
agrees  with  Soviet  data.  The  air-to-ground  mission  weight  of  22,984  pounds 
includes  a  war load  of  300  rounds  of  30aa  ammunition,  16  AT- 6  SPIRAL  miss  lias 
and  40  rockets.  This  was  the  configuration  analyzed  for  M/A  characteristics. 
An  air-to-air  configuration  with  300  rounds  of  ammunition,  eight  AA-8  APHID 
missiles  and  a  reduced  fuel  load  is  astimated  to  weigh  19,769  pounds. 

Hover  CV  Capability  -  OC£  hover  GV  data  are  provided  in  Table  K-3  ar.d  plotted 
in  Figures  K-l  and  K-2.  Since  power  available  is  a  function  of  both  density 
and  temperature,  data  are  shown  as  a  function  of  pressure  altitude  and 
temperature  increments  over  the  International  Standard  Atmosphere  (ISA).  Two 
cases  are  preaenteo,  one  for  2650  shp  engines  and  one  for  2200  shp  engines, 
both  constrained  by  a  4400  ahp  HGB  limit. 

With  the  big  engine,  SLS  OGE  hover  at  29,272  pounda  is  possible.  Thla  de¬ 
creases  to  27,938  pounds  for  an  ISA  +20  degree  Celsius  day.  At  8,000  feet  on 
a  standard  aay,  the  hover  GV  capability  is  still  s  very  significant  25,900 
pounds.  Obviously,  the  smaller  2200  shp  engines  cannot  aupport  such  high  CVg. 
SLS,  the  GV  is  the  same  since  it  is  HGB  limited,  but  there  Is  a  3,500  pound 
reduction  for  ISA  +30  at  saa  level  and  a  2,200  pound  reduction  for  8,000  feet 
on  a  stendard  day. 

The  effect  of  ground  proximity  is  presented  in  Table  K-4.  The  same  rases  are 
presented  as  those  for  the  OGE  data.  A  five-foot  wheel  height  increases  GV 
capability  by  about  21  percent  while  a  two- foot  wheel  height  yields  a  28 
psreent  improvement. 

Power  Required  -  Power  required  curves  are  presented  in  Figures  K-3  to  K-6. 
These  show  data  for  *  clean  aircraft  (no  external  stores)  and  an  air- to- ground 
configured  aircraft,  both  at  gross  weight  of  20,000  pounds  and  2a. COO  pounds. 
Two  ambient  conditions  were  used,  SLS  and  the  Army  hot  day  of  4,000  feet/95 
degrees  Fahrenheit. 
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TABLE  K-l.  Ki-28  POWER  AVAILABLE  SUMMARY 


CASE  1  •  2  X  2650 

SHP  Engines 

ALTITUDE  (*) 

ISA 

ISA+10°C 

ISA+20 

ISA+30 

0 

5300 

5061 

4733 

4300 

2000 

4981 

4791 

4541 

4225 

4C00 

4695 

4523 

4300 

4016 

6000 

4398 

4240 

4043 

3810 

8000 

4123 

3988 

3822 

3604 

CASE  2.  2  X  220P  SUP  Snqinas 


ALTITUDE  (ft) 

ISA 

ISA+10 

ISA+20 

ISA+30 

0 

4400 

4202 

3929 

3570 

2000 

4135 

3977 

3770 

3508 

4000 

3398 

3755 

3570 

3334 

6000 

3651 

3520 

3356 

316J 

8000 

3423 

3309 

3173 

2992 

CASE  3:  2  X  265Q  SUP  Engines  whh  44QQ  HP  MGB  Limit 


ALTITUDE  (ft) 

S3  A 

ISA+10 

ISA+20 

ISA+30 

0 

4400 

4400 

4400 

4300 

2000 

4400 

4400 

4400 

4225 

4000 

4400 

4400 

4300 

4016 

6000 

4398 

4240 

4043 

3810 

8000 

4123 

3988 

2822 

3604 
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TABLE  K-2.  HI -28  WEIGHT  BREAKDOWN 


HEM 


Weight  Empty 
Crew 

30mm  Gur, 
Trapped  Fluids 

BASIC  WEIGHT 


Ammunition.  300  rounds 

Missile  Racks 
Missiles.  Anti-tank  (AT-6) 
Missilss,  Air-to-air  (AA-8) 

Rocket  Pylons  (2) 

Rocket  Pods  (2) 

Rockets  (40) 

WARLOAD 

FUEL 


GROSS  WEIGHT 


WEIGHT 


Air-to-Ground 

Air-to*Air 

15,470  pounds 

15,470  pounds 

500 

500 

300 

300 

_ 85 

_ a 5 

1 6,355 

16,355 

231 

231 

575(16) 

288  (8) 

1750(16) 

350  (8) 

120 

220 

1122 

— 

4026 

1469 

2593(400  oal) 

1945  (SOP 

22,984  pounds  19,769  pounds 
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TABLE  R-3.  Hi-28  OCR  HOVER  GROSS  WEIGHT  CAPABILITY 


CASEJL 

:  2  X  2650  SHP  Engines.  MGB  Limit 

-  4400  SHP 

ALTITUDE  ISA  ISA+10 

ISA+20 

ISA+30 

(ft) 

0 

29272  28973 

28679 

27938 

2000 

28752  28439 

28130 

27067 

4000 

28206  27878 

27134 

25618 

6000 

27635  26628 

25487 

24207 

8000 

25900  25006 

24019 

22818 

SLS  «  29272  [4400  shp.  MGB  limit] 

2K/70  m 

28429  [4400  shp.  MGB  limit] 

4K795- 

25933  [4075  shp] 

CASE  2l  2  X  220  Q  SHP  Engines,  MGBlimil  «-44Qfl-SHP 


ALTITUDE 

ISA 

ISA+10 

ISA+20 

ISA+30 

(ft) 

0 

29272 

23031 

26435 

24394 

2000 

27505 

26470 

25213 

23688 

4000 

25896 

24945 

23807 

22425 

bOOO 

24259 

23378 

22352 

21194 

8000 

22733 

21946 

21068 

19980 

SIS  «  29272  (4400  shp] 

2K/70  -  26470  (3977  shp] 

4K/95  »  22/12  (3383  shp] 


Accessory  load  «  100  HP 

Configuralion:  Stub  Wings  with  16  missies  and  2  rocket  pods 
Vertical  drag  -  4.7%  GW 
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TABLE  K-4.  Ml -28  ICE  BOVKR  CK0SS  WRIGHT  CAPABILITY 


CASE  1 :  2  X  265r_SHP.Enoines. 

MGB  Limit  -  4400  SHP 

WHEEL  HEIGHT 

SLS 

2K/70 

4K/S5 

OGE 

29,272 

28,439 

25,933 

5ft 

35,428 

34,254 

31,171 

2ft 

37,331 

36,053 

32.792 

CAS El:  2  X  22QQ  SHP  inoioes.  MGB  Limit  =  44QQ  SHP 


WHEEL  HEIGHT 

SLS 

2K/70 

4K795 

OGE 

29,272 

26,470 

22,712 

5ft 

35.428 

32,051 

27,566 

2ft 

37.331 

33,776 

29,065 

<0>  5  ft  wheel  height,  h  r v9r  -  13.5  feet,  (GWige/GWoge)  -  1.21 
@  2  It  wheel  height,  h  raor  -  15.5  taet,  (GWige/GWoge)  -  1 .28 


Accessory  load  »-•  100  HP 

Configuration:  Stub  Wings  with  16  missies  and  2  rocket  pods 
Ven;cal  drag  -  4.7%  GW 
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PRESSURE  ALTITUDE 


10000 


9000 - - - 

8000 - '  *  ~ 

s  -  — 

7  7000 -  — 

6000 -  — 

5000 -  — 

4000 -  — 

3000 -  — 

2000 -  — 

1000 -  — 

0  — 

18000  20000  22000  24000  26000  28000  30000 

OGE  HOVER  GROSS  WEIGHT  -  t>s 


Figure  K-l.  Mi-21  OCX  Barer  CU  Capability  with  tee  2650-Sbp  trainee 
cod  4400-Sfap  NCI  Limit 
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PRESSURE  ALTITUDE 


10000 


9000 


18CC0  20000  22000  24000  26000  28000  30000 


OGE  HOVER  GROSS  WEIGHT  -  bs 


Flfur*  1-2.  Kl-28  OCZ  hoT*r  CJ  CapaMllry  with  Two  2200-SLp  KngLmc 
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•  HPMqdLSL  Oban,  20k 
O  HPttqd.  SL.  CtMn,  24k 


Fifura  K-3.  Hi  -  28  Povar  lequirad,  SLS  Condi  t  ion* ,  CImd 


■  HPi*qd,SL  MW,  20k 
O  HPt*qd,  St,  alarm,  24k 


HP  iwq'd 


Figure  K-4.  HI- 21  Power  Inquired.  SLS  Condition*,  with  Fxtrmail  Store* 
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•  HPnqd,4K/ftS,  ctoan.  20k 
O  tfnqd.  4M5,  deed.  24k 


1 _ I 


figure  t- 5  Hi-21  Power  tequired,  4000-foot/95*P  Coodl Clone,  Cleea 


5 


I 


fcnctt) 


rlgur«  1-6.  Ml -28  Fowr  E-quirod,  4000  -  foot/95 '  F  Condition* 
with  External  Storos 


APPENDIX  L 


MATriEMAU CAL-£URV£  .niS.Ig.JlANEyYER.SAlA 


INTRODUCTION 

This  report  shows  that  a  M/A  rating  can  be  calculated  based  on  the  results  of 
running  a  GenHel  simulation  model  through  nine  different  maneuvers.  The 
maneuver  results  can  be  scored  and  ths  average  score  used  as  the  M/A  rating. 
If  the  maneuver  results  from  a  variety  of  helicopters  ars  plotted  against  a 
previously  defined  fundamental  parameter  for  each  maneuver,  they  tsnd  to 
cluster  along  a  single  'lne.  Any  single  aircraft/maneuver  combination  may  be 
off  ths  line,  but  overall  ths  data  trend  very  well.  This  suggests  that  ths 
maneuver  results  can  be  predicted  by  use  of  mathematical  curve  fits  to  the 
fundamental  parameter  plots.  Obviously,  the  best  method  of  calculating  tho 
maneuver  results  is  to  use  the  GenHel  simulation  or  a  math  modal  with  equiva¬ 
lent  capabilities.  This  is  the  only  way  that  the  full  flight  dynamic  and  the 
effects  of  operational  limitations  can  be  evaluated.  However,  in  the  prelim¬ 
inary  design  processes,  a  method  of  estimating  the  M/A  rating  would  be  valu¬ 
able  for  trade-off  studies  where  parameters  like  gross  weight,  number  of 
blades,  tip  speed,  solidity,  etc.,  are  being  evaluated.  This  appendix  des¬ 
cribes  the  results  of  generating  mathematical  curve  fits  to  ths  fundamental 
parameter  plots  and  of  using  them  to  predict  the  M/A  ratings.  In  addition, 
the  characteristics  of  the  Mi-26  HAVOC  at  a  20,000-pound  gross  weight  were 
estimated  as  an  sxamplo  of  this  techniqus. 

METHODOLOGY 

The  basic  curvs  fit  approach  wee  to  take  the  fundamental  parameter  plot  for  a 
given  maneuver  and  delete  those  points  that  were  well  off  the  basic  trend.  An 
existing  curve  fit  routine  was  then  used  to  fit  a  line  through  the  data.  Ths 
type  of  curve  fit  was  based  on  the  shape  of  the  data  and  on  the  physics  of  the 
maneuver.  For  example,  the  steady  climb  data  were  fitted  to  a  straight  line 
with  no  offset  at  the  origin  since  a  zero  fundamental  parameter  meant  that  ell 
the  helicopter's  power  is  required  for  level  flight  and  none  ie  available  for 
climb.  On  the  other  hand,  a  logarithmic  tit  wae  used  for  the  hover  turn  data. 
If  ths  helicopter  has  no  residual  yaw  acceleration  capability  in  hover  (a 
fundamental  parameter  of  zero),  than  it  would  take  an  infinite  time  to  make 
the  hover  turn. 

The  resulting  curve  fit  equations  are  shown  in  Figure  L-l.  Each  predicted 
maneuver  result  ie  defined  as  a  function  of  the  fundamental  parameter  (FP). 
Moet  of  ths  mathematical  fire  ware  linear  or  quadratic  polynomials.  The 
resulting  curvs  fits  are  superimposed  over  the  fundamental  parameter  plots  in 
Figures  L-2  to  L-10.  A  brief  discussion  of  each  maneuver  is  given  below: 

Hover  bob -Up  -  These  data  were  fit  co  a  second  order  polynomial  as  shown  in 
Figure  L-2.  Ths  curve  fit  ie  very  good  because  the  dsta  were  wall  collapsed. 
However,  this  equation  would  obviously  be  erroneous  at  high  T/V  valuss  where 
the  negative  squaro  term  would  dominate  and  ehow  decreasing  ROC  with  increas¬ 
ing  thrust  capability. 
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1. 


FP  =  MAX  HOVER  THRUST  /  GW 

ROC  (fpm)  =  -6320  +  8290  (FP)  -  1970  (FP)2 


Idi  TTwm 


FP  =  [H?  (AVAIL)  -  HP  (HOV);  /  HP  (HOV) 
T  (see)  =  7537  -  8-5841  •  LOGjo  (FP) 


I  (>■ ;  PIT-m 


FP  =  HP  (HOV)  /  GW 

T  (sec)  =  -13.715  *  LOGjo  (FP) 

80  knot  Steady  Climb 

FP  -  [HP  (AVAIL)  -  HP  (80  TRIM))  /  GW 
ROC  (fpm)  =  29,484  *  FP 


MJfl  woata-M'iw  pi 


FP  =  POWER  LOADING  /  BLADE  LOADING 
Nz  (n.d.)  =  0.955  +  0.8917  (FP) 


FP  =  [Ct/o  (max)  -  Q fa  (80))  /  Ct/o  (80) 
Psidot  (deg/sec)  «  34.649  (FP)  -  6.1848  (FF)2 


FP  =  [Ct/o  (max)  -  Ct/o  (130))  /  Q/o  (130) 

Psidot  (deg/sec)  =  23.21  (F?)  -  5.36  (FP)2 
Knot  Pull-up 

FP  =  (Ct/o  (max)  -  Q fa  (140)]  /  Ct/o  (140) 
Nz  (n.d.)  =  1.0  +  1.2242  (FP) 
r  Turn 

FP  =  delta  yaw  acceleration 
T  (sec)  =  4.977  -  2.299  LOGjo  (IT) 


Flgur*  L-l.  taplric.*!  Nimunr  >  ft-  die  cion  Equation* 
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MAXIMUM  RATE  OF  CLIME  -  tefel'mlnute 


Sea  Level  Standard  Conditions 


2COO 


150C 


1600 


1400 


1200 


1000 


MAXIMUM  THRUST  /  WEIGHT  -  n.d. 


Figure  L- 2  KH^lrlc*!  Bover  Rofc-Dp  Comparison 
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Acceleration  to  80  knots  -  A  logarithmic  fit  was  used  for  these  data  as 
Illustrated  in  Figure  L-3.  This  provided  a  good  fit  slues  the  data  points 
were  well  collepsed. 

Deceleration  to  Hover  -  Figure  L-4  shows  the  logerlthmlc  fit  imposed  on  the 
more  scettered  data  of  this  meneuver.  Note  that  this  fit  uses  a  multiplier 
times  the  logarithm  of  the  fundamental  parameter. 

80-Knot  Climb  -  A  simple  linear  fit  with  zero  offset  at  the  origin  works  well 
tor  this  maneuver  (Figure  L-5).  Thle  fit  was  selected  because  of  the  simple 
physlce  of  the  climb. 

8Q-Knot  Steady  Turn  -  Figure  L-6  shows  that  a  linear  fit  works  well  to  match 
theee  data,  but  some  helicopters  are  well  off  the  basic  trend. 

80-Knot  Decelerating  Turn  -  A  second  order  polynomial  was  chosen  to  predict 
these  data  and  le  a  good  fit  as  ehown  In  Figure  L-7.  This  polynomial  wae 
conetralr.ed  to  have  a  zero  constant  term  eo  a  zero  fundamental  parameter 
(blade  loading  margin)  would  reeult  In  e  zero  turn  rate.  Only  the  CH-53E  and 
AH-1S  are  well  off  this  prediction. 

130-Knot  Decelerating  Turn  -  This  menouver  was  handled  in  the  eame  wey  ae  the 
80-krot  case.  Different  coefficients  were  required,  of  course,  and  the  CenHel 
data  were  more  ecattered  than  the  80-knot  maneuver  (Figure  L-S) . 

140-Knot  Pull-Dp  -As  ,>le  etralght  line  matched  these  data  well  as  shown  in 
Figure  L-9.  Thle  line  ^as  selected  to  give  a  load  factor  capability  of  one 
(level  flight)  If  the  fundamental  parameter  wae  zero. 

Hover  Turn  -  The  results  for  this  maneuver  (Figure  L-10)  were  perhaps  the  moet 
difficult  to  fit  becauee  the  yaw  rate  constraint  tend:  to  yield  constant  turn 
tlmee  for  high  yaw  acceleration  capabilities.  A  logarithmic  expression  was 
used  since  It  predicts  an  Infinite  time  to  turn  If  the  yaw  acceleration 
capability  Is  zero. 

ESTIMATES  flftWElYER 

Once  theta  mathematical  .urva  fits  were  available,  the  eetlmatod  maneuver 
reeulte  could  be  cal  listed  for  each  helicopter.  Theee  were  then  ecored 
(using  the  prevlour^y  defined  ecorlng  e qua t lone  lo  Table  7)  aod  the  M/A  ratings 
calculated.  The  teeulte  are  shown  in  Flgurce  L-ll  to  L-15  ae  bar  graphe 
comparing  the  CenHel  derived  reeults  to  the  empirical  onee. 

In  general,  the  empirically  derived  M/A  ratlnge  are  eimllar  to  onee  from 
CenHel,  typically  agreeing  within  five  polnte.  There  Is  no  obvloue  trend, 
with  the  empirical  reeulte  sometimee  higher  and  eometlmee  lower  than  the 
CenHel  values.  Soma  pridictione.  however,  were  elgnlf lcautly  In  error.  For 
example,  the  CH-53E  empirical  NOE  rating  Is  13  points  higher  than  the  CenHel 
value  while  the  0H-S8A  NOE  rating  le  10  polnte  higher. 
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TIME  TO  80  KNOTS  - 


Sea  Level  Standard  Conditions 


Plgura  L-J.  Empirical  Acceleration  froa  Borer  to  SO  Knota  Coaparleoo 


5*2 


♦ 


TIME  FROM  80  KTS  TO  HOVER 


< 


Sea  Level  Standard  Conditions 


HP  hover  /  WEIGHT 


Plgux*  L-4 .  Eaplrioal  Deceleration  fro*  10  Knot*  to  Bcrrmr  Covparlaon 


5*3 


RATE  OF  CLIMB  -  feet/tnlnute 


Sea  Level  Standard  Conditions 


Figure  L-5.  Eag>lrlc«l  90-Knot  Cl  lab  Coap«rl«on 
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LOAD  FACTOR  (Hz)  -  n  d. 


Sea  Level  Standard  Conditions 
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POWER  LOADING  /  BLADE  LOADING 


Flgur#  L-6 .  E^Lrlul  AO-Knot  Study  Tvtm  Cooptrlioo 
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Ptgur*  L-7.  Kaplrlcal  BO- loot  Dacalaratlng  Turn  Cnayrt  aoa 
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TURN  RATE  -  degrees/ 


Sea  Level  Standard  Conditions 


o.o  0.5  1.0  i  5 


{Cl'sigma  max  -  Ct/sigma  trim)  /  Ct/sigma  trim 


flgura  L-*  E^>lrlcal  130-Knot  Decelerating  Turn  Caapexleoa 
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MAXIMUM  LOAD  FACTOR  (Nz)  -  n.  d. 


Sea  Level  Standard  Conditions 


Figure  L*9.  140-Knot  full -up  CieyirUce 
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Flgux«  L-ll.  Co^MTlsoa  of  ConUol  md  D^lrleol  Boole  M/A  B*Cln$o 
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Figaro  L- 12 .  Cs^ptrlrai  of  CnHol  and  bplnul  ASA  B/A  lAtli^ii 
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Figure  L-13.  Co^mtUod  of  GooHol  and  XaplrlcoA  A Itt  M/A  Matings 
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Plfur*  L-15.  Comparison  of  CaaBol  and  Kaplrlcal  Contour  M/A  Rating* 
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20. OOP -POUND  M1-2B  EVALUATION 


To  evaluate  ch«  use  of  the  empirical  maneuver  aquations,  predictions  of  the 
cheractariatica  of  the  Mi-28  at  a  froaa  weight  of  20,000  pounds  were  aade, 
using  the  static  date  of  Table  4  end  the  maneuver  prediction  aquations  in 
Figure  L-l. 

The  eopiricel  maneuver  predictions  can  be  used  in  one  of  two  ways.  First,  the 
maneuver  results  can  be  predicted  directly  and  then  scored  and  averaged  to 
obtain  a  M/A  rating.  Alternately,  if  CanHel  results  for  a  certain  configura¬ 
tion  of  the  aircraft  ere  known,  the  eopiricel  equations  can  be  used  to  predict 
both  the  CenHel  case  and  the  case  of  interest.  The  difference  between  then  la 
than  added  to  the  original  CenHel  data  as  a  delta. 

The  second  approach  was  taken  with  the  'lightweight*  HAVOC.  The  results  are 
shown  in  Table  L-l.  This  shows  the  original  CenHel  data  for  the  22,894  pound 
aircraft,  the  eopiricel  predictions  for  the  22,894  pound  and  20,000  pound 
versions  end  the  final  estloate  generated  by  adding  the  difference  to  the 
original  CenHel  value. 

The  final  20,000  pound  gross  weight  estinates  for  each  maneuver  were  then 
scored  using  the  scoring  aquations  in  Table  7  end  the  nlsslon  weighting 
factors  in  Figure  50.  The  M/A  ratings  were  then  derived  by  dividing  the  totel 
of  the  Maneuver  scores  for  a  given  nisslon  element  (e.g.,  ATA  -  453.5)  by  the 
total  of  the  maneuver  weighting  factors  for  that  mission  element  (e.g.,  ATA  - 
6.15)  to  get  the  final  rating.  The  final  results  era  shown  in  Table  L-2. 

These  results  show  that  the  Mi-28  in  e  20,000-pound  air-to-air  configuration 
would  have  good  intrinsic  M/A  characteristics.  However,  the  large  dlffarancea 
between  some  of  the  predicted  maneuver  results  and  the  actual  GanHel  values 
for  the  22,984  pound  vehicle  indicate  that  the  results  should  be  considered 
tentative  and  a  full-up  CenHel  evaluation  at  the  lighter  weight  should  be 
conducted. 


TABLE  L-l.  2 OK  MI-28  MANEUVER  PREDICTIONS 


GENHEL 

22.9K 

EMPIRICAL 
22. 9K 

EMPIRICAL 

2  OK 

ESTIMATED 

2  OK 

MANEUVER 

1 .  HOVER  BOB-UP 

1400  fpa 

1396 

1896 

1900 

2 .  0  TO  80  KT  ACCEL 

10. 5  aac 

9.49 

7.65 

8.66 

3.  80  TO  0  KT  DECEL 

11.05  aac 

13.33 

13.77 

11.49 

4.  80-KNOT  CLIMB 

2467  fpa 

2983 

3797 

3282 

5.  80-KNOT  STEADY  TURN 

1.83  g’a 

2.17 

2.56 

2.22 

6.  80 -KNOT  DECEL  TURN 

27.3  dag/aac 

26.0 

32.2 

33.5 

7.  130-KN0T  DECEL  TURN 

14.3  dag/aac 

10.9 

14.6 

18.0 

8.  140 -KNOT  PULL-UP 

1.70  g'a 

1.57 

1.84 

1.97 

9.  HOVER  TURN 

5.0  aac 

5.58 

5.19 

4.61 

TABLE  L- 2.  2 OK  Mi-28  SCORES  AND  RATINGS 

XAKEUVKR 

BASIC 

ATA 

SCORES 

ATC 

■01 

COR 

1.  HOVER  BOB-UP 

93.3 

9.3 

56.0 

93  3 

42.0 

2 .  0  TO  80  KT  ACCEL 

69.0 

80.1 

57.9 

71.2 

57.9 

3 .  80  TO  0  KT  DECEL 

108.5 

76.0 

59.7 

86.8 

70.5 

4.  80-KN0T  CLIMB 

76.1 

64.7 

34.2 

26.6 

57.1 

5.  BO-KNOT  STEADY  TURN 

62.0 

43.4 

27.9 

15.5 

43.4 

6.  80 -KNOT  DECEL  TURN 

53.9 

29.6 

40.4 

35.0 

35.0 

7 .  130-KNOT  DECEL  TURN 

83.7 

75.3 

41.9 

8.4 

50.2 

8.  140 -KNOT  PULL-UP 

37.4 

33.7 

18.7 

1.9 

20.6 

9.  HOVER  TURN 

75.3 

41.4 

56.5 

75.3 

22.6 

Total 

679.2 

453.5 

393.2 

414.0 

399.3 

Average  Factor 

9.0 

6.15 

5.20 

5.00 

5.30 

Rating 

75.5 

73.7 

75.6 

82.8 

75.3 

a 
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CONCLUSIONS 


In  conclusion,  the  empirical  maneuver  estimation  methodology  presented  In  this 
sppsndlx  Is  s  useful  tool  for  predicting  M/A  scorss  end  ratings  vhsn  s  CenHel 
or  equivalent  simulation  evaluation  is  not  practicabls.  This  could  be  during 
preliminary  design,  evaluation  of  a  design  vhere  only  basic  data  were  avail¬ 
able,  or  for  estimation  of  the  effect  of  changes  on  an  existing  design. 
Obviously,  a  full-up  CenHel-type  evaluation  should  be  conducted  whenever 
possible.  This  will  correctly  capture  all  of  the  characteristics  of  the 
particular  helicopter  and  their  interaction  with  the  operational  constraints. 


APPENDIX  K 


a 


AERODYNAMIC  SCALINC  » 


Aerodynamic  data  for  aoet  of  the  aircraft  in  thla  study  wars  takan  froa 
existing  aourcaa.  Tha  Sikorsky  hallcoptara  already  had  GanHel  data  fllas, 
derived  froa  wind  tunnel  teata.  The  other  U.S.  Arry  Inventory  aircraft 
(AH-64A,  OH- 58A,  AH- IS)  vara  aodeled  using  data  taken  froa  C-81  coaputer  code 
Input  listings  that  had  baan  provided  as  Govemaent  Furnished  Information 
(GFI).  However,  no  aerodynamic  data  ware  available  for  the  SA-365N  or  the 
Kl*28.  Aerodynaalc  modeling  for  these  vehicles  can  be  broken  Into  three 
areas.  One  la  tha  main  rotor  blade  airfoil  data,  another  la  tha  basic  aero* 
dynamics  of  tha  fuselage,  and  the  third  la  aerodynaalc  aodellng  of  the  eapen* 
nage  and  wings. 

Main  rotor  blade  airfoils  were  aodeled  using  Sikorsky  SC1095  airfoil  data  for 
both  the  Dauphin  and  HAVOC.  Character lstlca  of  the  eapennage  surfaces  and  tha 
wings  were  calculated  using  conventional  techniques  based  on  tha  alrfol) , 
aspect  ratio,  sweep  und  area  of  the  surface.  Fuselage  characteristics  were 
derived  by  scaling  of  aerodynaalc  data  froa  other  helicopters  of  similar 
shape.  The  Kl-28  data  ware  calculated  by  scaling  up  Apache  fuselage  aerody* 
naalcs  while  tha  Daupnin  values  were  scaled  down  S-76A  numbers. 

The  method  used  for  scaling  Is  shown  In  Figure  M-l.  Forces  vary  with  the 
square  of  the  scale  factor  while  aoaents  vary  with  tha  cube.  Scaling  factors 
for  each  aerodynaalc  load  (lift,  drag,  ate.)  are  based  on  ratios  of  tha 
appropriate  principal  dimensions.  For  example,  lift  la  scaled  by  tha  ratios 
of  fuselage  lengths  and  fuselage  widths.  Pitching  aoaent  Is  scaled  by  the 
ratios  of  length,  squared,  and  of  tha  width.  Obviously,  thla  technique  la 
only  appropriate  for  airframes  of  similar  shapa  end  sirs. 
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APPENDIX  N 


&IRCRAFL-DRA  . PAIA 

A  suaaary  of  the  drag  data  for  each  of  the  eight  beslc  alrfranee  evaluated  In 
tnle  report  Is  provided  In  Table  N-l.  Theee  data  ehould  be  uaed  with  sobs 
care  elnce  the  method  for  allocating  dreg  aaonget  the  verloue  components  of 
the  alrfraae  dlffere  froa  aanufecturer  to  aanufacturer .  For  purpoeea  of  these 
data,  the  stub  wings  have  been  accounted  for  separately  froa  the  fuselage  and 
the  tall  rotor  hub  drag  Is  broken  out  separately  froa  the  vertical  fin.  The 
SA-365N  ha  i  large  vertical  endplates  on  the  ends  of  the  horizontal  tall  which 
are  shown  separately.  On  the  other  hand,  the  6S0-gallon  drop  tanka  and  their 
pylons  are  Included  In  the  CH03E  fuselage  date  ae  are  the  Engine  Air  Particle 
Separators  (EAPS).  The  drag  of  the  strut,  bracing  the  horizontal  tall  on  the 
Supar  Stallion,  has  been  lumped  Into  the  vertical  tall. 

For  all  cf  these  data,  no  accounting  of  external  storee  or  their  pylons  hes 
been  aade  (except  for  the  CH-53E  as  noted  above). 


TAILS  M-L 


.  MAC  IKSAKDOUM  SCMKAKT 


ITEM 

nu-fcOA 

S-76A  CH-53E 

AH-64A 

Fuaalaga  D/q 

26.9 

8.4 

58.0* 

22.0 

H.T.  Art  a,  ft2 

45.0 

18.5 

58.0 

33.36 

H.T.  Cd 

.012 

.013 

.050 

.010 

H.T.  D/q 

0.54 

0.24 

2.90 

0.33 

V.V.  Area,  ft* 

32.3 

19.7 

74.0 

32.2 

V.T.  Cd 

.018 

.016 

.090 

.016 

V.T.  D/q 

0.58 

0.32 

6.66 

0.52 

Wing  Area,  ft* 

.... 

•  •  •  • 

•  •  •  • 

35.0 

Win*  Cd 

.... 

*  -  -  * 

.... 

.016 

Wing  D/q 

.... 

•  •  •  • 

.... 

0.56 

Endplata  Area,  ft* 

.... 

.... 

.... 

.... 

Endplata  Cd 

.... 

.... 

.... 

Endnlata  D/q 

.... 

.... 

.... 

.... 

T.K.  Hub  D/q 

2.0 

1.45 

3.63 

1.66 

Total  D/q 

30.02 

10.41 

71.19 

25.07 

*Includ*a  axtamal 

tanka  and  thair  pyloru 

TABLE  H-l.  DRAG  BREAKDOWN  SUMMARY  (Cont'd) 


ITEM 

SNQKSiiijPMHi 

0H-58A 

AH-1S 

SA-365N 

Ml-28 

Fuaelagt  D/q 

6.0 

5.5 

7.86 

37.0 

H.T.  Area,  ft* 

9.65 

15.14 

16.0 

11.94 

H.T.  Cd 

.085 

.085 

.013 

.010 

H.T.  D/q 

0.82 

1.29 

0.21 

0.12 

V.T.  Art a ,  ft* 

9.18 

18.87 

20.0 

21.88 

V.T.  Cd 

.012 

.012 

.016 

.012 

V.T.  D/q 

0.11 

0  23 

0.32 

0.26 

Wing  Area,  ft* 

.... 

28.15 

•  •  •  • 

32.32 

Wing  Cd 

.... 

.015 

.... 

.015 

Wing  D/q 

.... 

0.42 

.... 

0.49 

Endplata  Area,  ft* 

.... 

.... 

20.0 

.... 

Endplata  Cd 

.... 

.... 

0.13 

.... 

Endplata  D/q 

.... 

.... 

0.26 

•  •  *  • 

T.R.  Hub  D/q 

0.94 

1.54 

.... 

2.3 

Total  D/q 

7.87 

8.98 

8.65 

40.17 

